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IH thr present edition I haTe ndth<r altered 
the arrangemetit, tte^ added to die matter of 
this work; hating done ail tUat I thought 
qeoes^rjT in those respects in the formet 
edition.*«<^he different Societies which were 
fortiied in London about &>rty years ago, 
and whose defe^ve plans are so justly ex- 
posed and condemned in the first Volume, 
hBkWfi, with very few exceptions, sunk into 
insignificanee or ruin; and the account of 
them is no further interesting than as it con* 
stitutds an original part of this work, and 
may pe!4iaps serve to prevent the formation 
of similar Societies in future. — The great 
suceess and flourishing state of the Equitable 
Society have led to the establishment of 
Qumerous other offices for making assurances 
on lives and survivorships ; — in all of which 
the tables of that Society have been adopted 

with 
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with little or no variation : — ^But in most of 
those offices the profits, instead of being 
equally dm%^ Ss^liJ^F^fi^f^le Society, 
among the assured, are to be distributed 
exclusively among the^ ^tissurtSrs, in propor- 
tion to the sums which they have subscribed 
to wards^ Ibrmln^ ^i» c^taPof^Hfc eoJmpany. 
I am sorry, however, to observe, that I 
know of no society^«rwn3^any of this kind 
whose plan is altogether unexceptionable. — 

The QrpgiJ96li<ft^!jfcslitirt«4*ii,»f tfee-i^q 
Society we(3 (;4brm04: t^A piin^pi^s. which 

must Igng pgp have prt^dticed its ruin^ Had 
it not bee4> timely cheqked.afidimppo-ve^fejr 
the prudfept. forbearai)(% :an4 diltorQtiohilof 
suc^repdiog mesDJbers. ]&yitl». m<tag»r€6 J»fc»& 
to guard againM the itqprQl?id6nb distuHmtion 
of its stogk> : aa^/ a^ far 99 ^fdiinsCajU^e^ will 
admit, to raaik^, ^^J^y J^ejfswi )to particip^jx 
in proportio^n to Jbkis interest ^n such pf^rt of 
the surplus as may be (safely atifenated froAt 
its capital, this Society cannot, well: be ipade 
more secure^ or rendered a greater benefit tp 
the public. — But it /should be reajpmberqd 
(and it behoves the new Assurance Com-* 
panics to bear it particularly in mind) that 
the premiums of this Society were originally 
twice as high as they are at this time — that 
thfiy had existed 20 years before those pre* 

miums 
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miums yittxc in the isnt mdoced^ and abbve. 
30 years: brfore they. wefe> reduced to their 
present ,arootmt-^that the gteit'er ipairt.at 
their assunsises at first ivere for short terma 
(which for many reaiiotKs act by far tqe-Tinbst : 
profitable)*T^that tbeir.expetiditur^ was;, very 
inc6asideraj[)i<>'*^nd.that they had a^cunlui' 
la^ed^ in proportion. to the^ ^i^na a4ta)rQd»: a 
laige surplus before they vesitiired ujpou the 
slightest diminution of it, * ■ In the aom« 
menceinent of a Society the probabilities of 
life> when compared with those in the tables 
of observationB, wiH always^ be found much 
higher than in the mote advanced state of it; 
for at thia early ^period the.liTes having been 
justiselected on;account of their healthiness, 
while in the tableis thostf: of every description 
are included^ it will happen of course that 
fewer, die at first than the tables suppose. 
But this difierence in favour of the Society 
must not be expected to continue always in 
file same degree^ but rather to be perpetually 
lessening as the lives become older, and in 
consec|uence enjoy more nearly 'the same 
state fif hrahh as mankind in general at their 
Kspective ages. — ^This has been particularly 
the case m the Equitable Society, where it is 
£>UBd. from long experience, that the proba** 
fcilities approach nearer to those in the table, 

as 
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as die fifTCB beooine iamie ftdTamodv €A m 
old age th^ are raioeed altnoit te^sm apiiK 
li^.-^bould aaj Secitetf^ tberalbre, In the 
fi»t jTfean of its edsteikre, tmonnmig on t^ 
Ugher probabiUtiei of life amoiig itfe twitiih 
ben, be ted to reduce its pn^tniilffis or ih an 
undue degtoe to divide itk profits $ exolmive 
of the fMy of adopting kny socb meafinr^ m 
thi6 early period, it ^si^ill, hj raiding fiiae 
hop«8 and alienating that part of its capital 
i^irhich biij^t to have been bofibrdi to accn^ 
mulat^ fbr many year8> be laying the fbun*. 
dation df future ctiaappoijtitaient Mid mini 

The motives which lead to tiie GBtablidr^ 
in^t of these companies ariaihg generally 
fit>kh private interest tauther than fhmi ata|r 
desire of benefiting the pubtifc, die hop^ of 
increasing the pr^^nt vuhie of their property 
will always b6 ih idihgetr of inditing them to 
aprematiire divii^Mi ^ their i»pital;especlaliy 
when ^couraged by this faUaoiovIs api*ai> 
atace ef success during the earlier part -of 
their ^istence. — Wbekx Dr. Price fiist.wmfee 
pn the subject of LifMttsuranoes^ it was ia 
general so litde undwMUMd, thalt the ap|3£i« 
cation of the Equitablis Society about that. 
time for a Charter, was rgwcted by mxr Law^-. 
officers^ on the grotmd that tiieir pwml«mia 
were insufflciefat, akhotfgh they w«« neairly 

twice-- 
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419^ iis Jbi|^ ds they are at prcieiit<-*-It if 
to itk wark» and to tke groat wcoe«8 pf the 
Eqaitable Sodet j, in oonaoquence of the «d^ 
Tke aid asiistahce of the Author at it» com* 
dmaaakeat, that the public are indebted (ot 
tiieir information^ and (provided the differ- 
ent Gdmpanies lately ettdbli&hed should be 
Qo^Uhicted with 6kiU and disoretion) for tho 
initK>riafit ben^ts amtng fv9m the mom 
extended practice of Life^asaoratioe. 

Although tins y^Mk, when first published!^ 
was not intended to be a complete tieatiae! 
on the Doctrine of Annaities and Rem^nvcma, 
it containi^ ^wevmv amidst a vaat wkty. of 
other iofbiimiiA matter^ the solutions of most 
of the cases' in wiiich one or two \kvt$ aae 
concerned; ifi^ich are r^idered the mare 
^luahle from their application to the di^« 
ent jSocittias which had then been established 
for the ben^t of Age and Wido^s.?^Tbe 
ttmAy iablss also which it Qonfesin^of the 
pi^al:^iKiBts of human h£^ deduced from 
rad Dbserrattona^ form am invaluable aiUir» 
tion to this work ; for by their assistance ac* 
cu»te solutions are now given instead of 
tboae af(ux»dfnatio;}s founded on an errone- 
o«8 hypotbesia^ which in many cases were so 
incorrect ts tb be altogether unfit for use. — 
*f 6 Dr. Halley^ Mr. De Moivre, and Mr, 
iB Thomas 



Thomas Simpson, and particularly to iSbe 
latter^ we owe the first riidiments and im^ 
provcments of this science But f6r the 
more accurate knowledge of. it we are ire 
debted to Dr. Price ; and though, he has not 
^tended his investigations to the more comr 
plicated cases of three ^iives, he baa laid a» 
sure foundation for them by thobe tables 
which he has constructed, and^ whidt in the 
earlier and later stages of life hac) been ill-' 
siipplied by the hypothesis of Mr. De 
Moivre« . I have long irttenided to avail my- 
self of those tables, and to complete what 
Dr. Price unfortunately has left undone ; nor 
hav£5l yet given up toy intentioi^ibut hope, 
should my life be prolonged arid^my health 
permit, to accomplish an object; \Wiich ap- 
pears to me to be not only interesting, but 
to this country useful and important in the • 
highest degree.* 

The enumerations, which, withii^ the last 
1 2 years, have been twice undertaken of the 
inhabitants of Great Britain^ appear-to hav^ 

* I hftve already given correct solutioDS of most, if not 
all of the cases in which two and three lives arc involved in 
the compatation ; which have been published in die Philo- 
6oph|cai Transactions, and also inserted in this Work« 
But they are given ia an Algebraical form^ and by no 
means fi^ed for an elementary, or popular treatise on the 
•ubject. 

G made 



made their inimber tdtiijh* gveater tbin Br. 
Price fiad supposed^ They prove, Bowever, ♦ 
in the most decisive inanner what he *has 
kbdttved to maintain, from so many docu*-* 
menfes, in: b{>position to most of i his op 
farO^iAti, ithkt the proportioAr of inhabitants 
\k» thb: mimberi of houses is less, than six to 
one; and,v/(had: the. surveyors u)f. windows 
Ituail^ comet refeiifhs of those houses which 
mdrefjcflDeiBpted on account of poverty,) that 
he^hdd even over-crated: the population of the> 
kingdoms— ^Had he livbd^ however, to have 
witnessed the re&nl ts o£ those enumeratidns, 
be would certainly; as altme friend. to hit 
Goimtry^ * haMe |blt. pleasure . in 'findingt the - 
ririnriittr tif itdiinliabkaiKtft so .greatly to. have' 
CKtee^CMbius t»nipiitjulHms ;: but it must have < 
becli ja:]^eiinre xriinglMcr^^th pain '^nd sor- 
xbji^J-wheh he disbontfaed the so'urce of his 
€thxD; aitd fonnd that . it^ consisted only in 
T^jmg too milch on the inaccurate returns 
d^tbe surveydrs, and, in consequence, etti-- 
laatit^g the, paupers of the kingdom at less 
than iialf tbeir real number. 
- Qa'ithe subject of the National Debt, 
which so much engaged the attention and 
alarmed the fears of the Author, I have not * 
tbot^fat it necessary to make any additional 
c^senratibns.: While the present expendi- 
ture 



tore eoatinuiss, and tbe debt is ereiy jnurnh 
creasing so tremeitdQUsly, it can be of little 
use to ascertain its amount at this particular 
period, or to oppose any arguments to the 
folly and extrayagaace with which it is acr 
cumulating. When it amcmnted ta 24a( 
miliions» Dr. Price considered the state of 
tbe nation as hopeless. It now., exceeds^ 
tfaiw times that sum, withim^t the proi^ttati 
of its being stayed in its progrefs^ aod im 
oertainly so far proved his fears to have been, 
premature^ or rather his ideas of fictitioua 
e]?edit to have been much too limited. ' 

In proposing and recommending the esta* 
Uishment of a Sinking Fund, Bit Pi^ioe con*, 
oeived it to be as- impossiUe that it ahcmld 
become the iostrumeiit of uicreadin^ * the 
deb^ as that a stoppage of paymenli ; at .the 
Auik dmuld have ptodaced that e^^t^^Htd 
hn, ho vever, survived a few 3near8, he would 
have had melancholy proofs of die tnotieoxj^ 
ness of his opinion.-rrtHe would have bdield 
the nation involved still deeper ifidebt, nok' 
only by means of the fund which was &rmed 
for its csctinction, but by tl^ very catas- 
tro|die whlcfa he had so pften d^reeated as' 
the death and destruction of all puMic credit. 
->^Tlie resources of the country have ifi4te4 
pmvod to be iar .greater tbaa Di; Frio^ oj 

even, 
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^ven his most zealous opposers had ima* 
gined, and consequently have protracted that 
ruin which he anticipated. But thej are not 
inexhaustible ; and if the same profusion and 
disregard to all economy in their manage- 
ment and expenditure be continued, the 
evils which he predicted must ensue; with 
this only di^rence, that the ruin, by being; 
longer delayed, will become more dreadful, 
and add millions to the number of those 
who-are involved in distress and misery. 

W. MORGAN. 

Jamhm, Sip^ £5, 1812, 
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HeFORE £hc Reader enters upon this tVork, it will not 
be improper to give him the following information con- 
<;emidgi^ 

A few years ago, many gentlemen, of the first eminence 
in the law, formed themselves into a Society^ for providing 
ailniiities for the widows of all such persons in judicial 
offices, harristers, civilians, and solicitors, as should chuse 
to become members. A plan was agreed upon and 
printed; but, some doubts happening to arise with re« 
sped to it, the directors resolved to ask the opinion and 
advice of three gentlemen, ^ell known for their skill in 
calculation. This occasioned a further reference to me ; 
and the issue was, that the plan being found to be in* 
eafKcient, the whole design was bad aside. 

About the tame time, several other societies were formed 
with the same views ; but all on plans alike improper and 
insufficient. Finding, therefore, that the public wanted 
information on this subject, I was led to undertake thii 
work; imagining, that it might be soon finished, and that 
all I could say might be brought into a very narrow com« 
pass. But in this I have been much mistaken. A design^ 
which I at first thought would give little trouble, has car- 
ried me fer into a very wide field of inquiry : and en- 
gaged me in many calculations that have taken up nradi 
time and labour. I shall, however, be sufficiently rewarded 
for my labour^ ihouU it prove the mpm of preventing 
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any part <tf that diBtretSy which is Ukdy to be hereafter pro- 
duced by the societies now subsisting for the benefit of 
widow.— —*I have prcw^d the inadequateness of their 
phins^ by undeniable fiicts and mathematical demonstra- 
tion. — ^I haye, further^ given an account of some of the 
l>est plans, which are consistent with a sufficient proba* 

bility of permanency and success. Should, therefore^ 

any of these societies detenni&e ^ reform tiiemselves; or 
ahould any institutions of the same kind be hereafter 
established, they will here find direction and assistance. 

In Question VI. Chap. L a general method is descrit^pd 
nf. finding the fnlues> in single and <ffomal yuf i s eiUS y of 
all life-annuities which are to begin after a given term of 
yean; and, in the 4th Section of the 2d Chapter^ the 
plans of the societies for granting such annnities are parti- 
cularly consid^red^ and proved to be axtreip^ly defiipifnt. 
^«— Indeed, the general disposition which has lately shewn 
itself to encourage these societies, is a matter of the mast 
serious concern ; and ought^ I think, to be taken iipder 
the notice of the Legislature. The leading persons moog 
the present members' wiU be iht^ first aminiirai»ts ; and tbi^ 
are sure of being gainers : And the more iimffioienit 4iif 
scheme is, on which a society is formedf tiie gceater will 
be the gains of the first annuitants. The saoj^ priadple^ 
therefore, that has produced and kqpt nip odber babbh$^ 
bas a tendency to preserve and pramote these; and^ for 
this reason, it is (o be feared, diat, in the present caK, n^ 
arguments will he attended with any eficft. The oo^ 
sideration, that <^ the gain made by some in tbeMsooietiefh 
^ will be so much plunder taken from othen^" Ofight ifli- 
mediately to engage all to withdaaw bwk ihaoB, who ham 
any regard to ^stice and humanity; bat eyyeneaoe prpaup^ 
ihat this argument, when oppoaed io priivite \0ivts^ la 
apt to be too feeble in its infiaence. 

It cannot be s^d with precisian, how long tlnisa a<KiiHi^p 
may continue their payments to.annuilaats, aftfff b^iaaiog^ 

Ihem. A continnod mfwtk ^^ » iSWt fwwprtion ^ 



jfMOg iDMttibei% nay luppott tbwi tof t longtt ti&ie than 
I cMi fefcace^ But the hmger they are tupported by such 
iimnf> the mete mfachief they must oetaaicm.— ^60, a 
tradescnaD, iriio sells eheaper than he buys, may be kept 
lip inaoy yeara by increasing busiDess aod cfedit ; but be 
wQl be ail the while accumulating distress ; and tlie longer 
lie goes on, the asore exienslfe nib he will ptDdu^e 
at hrt. 

Ib the latter end cf the fiM (chapter, I hare stated veiy 
partkuhrly, the method of computing the Talues of 
asfurtmces en It?es and surmonfaips^ in all cases where no 
more than two fives are eoneerned : And, in the third 
Clnpter, 1 have pointed out a eoosidereble error, into 
which thefe is a danger of ^lUng in computing some of 
these values* The sodeiSes and ofllees for transacting 
business in this way, af« very useful ; and it is necessary 
that they should go upon the best principles, and poisesi 
all the inf o rm a tion that can be given them; 

fittt there is no part of tins work in which the public b 
10 much concerned, as the sUth Chapter. It will be there 
proved, that had the sums raised for public services slBoe 
the RsvOLcmoN, been much greater than they have beeo^ 
the iacrease of the public debts t6 their present state might 
Jhava bcoi preveoted in the easiest manner, and at a 
trifling expence. A method^ likewise, of reducing within 
due bounds these debts^ heavy as they now are, will be 
proposed*^— All competent judges jviU, I believe, see, that 
this method being foynded on the most perfect improve- 
ment that can be made of money, is the most expeditious 
and effectual that the natures of things admit of. Nor, in 
my opinion, if the nation is not yet too near the limii of its 
resources, can there be any good reason i^inst carrying it 
into execution.— -—It is well known, to what prodigious 
sums;, money, improved for some time at compound in-- 
teresif will increase/ A state, if there is no misapplica* 

• A pMaty> 10 ImnroTcd frosi oar SaYiaur*! WrUi, at f d«iiblt ititlf 
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tioo of moDey^ sit^ ii$|ces$arily make^ this ia>{HroveiMOt 
of any aivings, which can be applied to the payment pf its 
debts. It need never^ therefore, ' be under any difficultiea; 
for, with the sv^ailesi savings, it ma^", ha as little time as 
i(s interest oan require, pay off the largest debts, 

4 > 

I 

In ihejirsi Essay I hav^ o)^de many observations on the 
expectations of lives, the pernicious^fluence of great towns 
on health, and manners, and popuhttion; the increase of 
mankind ; and other subjects in the doctrine of Annuities 
and Political Arithmetic.— >In the secpnd Essay I have 
stated carefully the^prcqier method of formipg Tables of 
the probabilities cl human life, from ^iven observations : 
And, at the close of this woik, ' besides several new Tables, 
I have thought it necessary togive Mn Smpson's Tables of 
the values and expectations of Xiondon live8«<: 1 have 

every 14 yean, or irhUcfk it neuly the nuae, pat «a^ !• 5 p^ emU, 
compoand iniereit at our Satiour's birth, would, by this time, (that is, 
in 1773 years) have increased to nfore money than would be con- 
tained In 150 millions of globes, each equal to the earth In magnltnde, 
aadaU solid gold.* 

* This computation Is made on the supposition that a cubic Inch of 
gold It worth about S5/. — But since a cubic inch of water is knowa to 
v^eigbiSMtgnuat nearly, and the tpecifick.graTitict of ataa^lard gold 
and waM^r are to each other at 18,888 to one, it will follow that a cubic 
'inch of gold, according to the Mint price of 3t, lis. lO^d. per o2. will 
amount to S8/. 10», l^d. and consequently that a penny iroproTed at 
conpovad ioterest so as to double Itself once in 14 yeaVs, from the time 
of our Savioar*B birth to the year 1773, would have accamolated only 
to 107 millions of such globes as are meotlooed by Dr. P/ice, — but this 
is abundantly sufficient to prove the Kfrcngth of bis argument.-— lo the 
year 1799, It would have accumulated ou the above suppositloti to 274 
millloafe of those globes. 

If instead of supposing money to double itself every 14 yean it be 
improved at 5 per cent, compound interest, the accumulation In 1791 
-yean will amount only to 144 millions, and in 1773 yean to no morer 
than 60 millions of globes. The difference therrforcr between the sup- 
position of mo ey*s doubling itself every 14 yean and of lit being im- 
proved at 5 per cent, compouqd interest, is far from being inconsidera- 
\fl^ especially vu a long term of years. M. 

also. 
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also^ in the notes at the end of the first Volume^ given th« 
Demonstrations of the Answers to the Qiufslions in Chap.I, 
These Demonstrations I have chosen to keep out of sight 
in the body of the work, in order to avoid discouraging 
such readers as may be unacquainted with mathematics* 

Upon the whole. A great part of the work now offered 
to^he Public is, I believe, new; and I am in hopes also^ 
that it will be found to contain some improvements in those 
bnmches of philosophical enquiry^ which are the sub»^ 
jects of it. 
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That ttmntAle veeepdm ^or tUs Worir^' ^MiA \m 
occasioMd ^ pfcseat £ditibii ^ it, ift «Nii afttr two 
Imrmer dtilioDt, iBmsnAk « pimf that k Imb teen of sonK 
me to ihe pablic^ tt amp^ rewnfdi me for the flttentioa 
ttitf Ifllxwr which I hate beslidwed «pM krf Inrevkiagit 
on the preieDt oceasioD; I Inffe beea tmaaoaa ahovt iai<k 
provingit as 6r as pomUei fiet^nd adtftfotttf Acts lurf 
obse r ra ti OM have been inserted in dilmnt placai, partt* 
ciihrly m the Fbat Essajr and the PesCseript to it.— That 
part of the Second Section, Ohap. II; Wfai^h tMitt of the 
Scotch establishment, hks lieen new eempiMif and earts^ 
iiiHy atcommodated to the more accurate infemiatloQ con* 
ceming it, with which I have been Aivonred* 

The SuppLBMKNT is an addition which was made to the 
secDinf edilion. — ^The o b ae i t ati ons in k on the pi^Ksent elate 
of our population have been a good ded enlMged.'-^Tbis is 
a very serious and important sabject. If, indeed, there has 
been that diminution of our people which the evidenee I 
have prodnced seems to shew, k must alarm every one who 
wishes wdl to his country, and it ought to engage the im* 
mediate and vigorous attention of government.— ^-Many 
differ from me in this point; and I wish I could find suf^ 
ficient reason to believe as they do. Several great manu- 
fecturing towns have, I know, increased $ but these are 
nothing to the whole kingdom; and even by their in** 
4rrease, our population may, on the whole, have lost more 

thui 
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than it has gained. — ^In truth ; it would have been strange 
if our numbers had niA bfecn jediuh^; for I can scarcely 
think of any great cause of depopulation, which has not 
for the last 80 years been .trperaling among us. 

The prodigious traiBc now carried on in life-annuitieSt 
and the rage for f^pmiiw VVCkeAcouraginff 4pQluty Schemes, 
which has for some time been spreading through the king- 
dom, has rendered the information which I have meant to 
convey in the followidj^ wMt {MRhmlarly necessary. And 
I have had the pleasure to observe that it has been attended 
te» &)viwal.df >ttoe JVtoniiitjiiiSofik^ Mii^mPV^ b»^ 
heon idiiAPlml^, M^tither^KJftilvipswi^.hopiw ^ tl^ose 
which s^iiljneknwA friynfl^t,l)ft#^ipi|i»»rfiilong^ tq^s«^^^ 
Ibfenmlyes :pn >thwfl ifmmi fl^ i* opposi^a ^ the 
c^videjuoe ogldeijspiiitiji^iwiy/^it^^^; .palta.pf jurtice and 
humani^y<-rmTfZbesft'As2!<&^ \ioxveyexy igr^ 4^ li^le «on- 
|(9qiie»ceb mum^ f^Uh^^^t'^M^D.vj^ioigAh evil, 
ifhifih > tlS> sala^rof .th0>#jiA cha^pte>^.^.:tbil treatise. 
Thi| is w«v^|p(i w)uqhjl{f0|i4ii iWitiinwnie>.thpt imy such 
fsffprta ^».swp¥{j^0vld tpak^,tny,gf^t unprcssion. Perb^, 
ia4fe4>'tb^!MQiled<eSAi:tS{Of:aUibe indepen4,ent part of the 
kingdomj liquid now be too weak to save us Xrom the di^T 
tress with which it th|»%tpps u^f .' , 
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. ^Mi»oh be; been said for sonie t^me of a plan ipentioned 
in {^^LiAJSBMT, at the end of .t^e last session, for paying 
QfiP the National Dbbt. f his raised some expectations ; 
^nd 1 will beg leave here to give d brief account of it. 

.After providing for s^l tiie current services, there re« 
mains this year (1 77^) H ^HiM of overplus of ^t;200,000. 
With this sMm, and a profit of ^150,000 from^ a Lottery 
cc^asisting of 60.000 . tickets,, a million and 4 half of 
the 3 per cmL annuitjes,. purchased at 90, will be paid 
off. — When this was proposed to the House of Commons^ 
it was at tlie same time announced^ that it would be th^ 

COMMiSNCBMBNT OF A PLAN FOR PAYING OFF THB NA- 
TION' AL DBBT 5 for^ if no extraordinary services should 

call 
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€^11 fot anjr Other a^plKtoSm 6f tW public surplujses, the* 
iatme (yaymbiit^ tnereased by 4ie Interest oPformer paymetits, ' 
is intend^ )6 b^ tirade! tvety ye^jfr* While the peace lasts : ' 
And thus, reckoning ct^mpotitid interest' at S per cent. 
5£VENT££N SfiLuioM^ wlII M j[mtd off Oaring a peace of 
ten years; . - ■ ' 
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On this ]^tati I will take the liberty^ with all the defer- ' 
ence whidi becomes me to the station and abilities of the 
proposer of it, to oflfer the following' remarks. 

1st. It implies,, that there is to bef a Lottery every year 
during tbit whole continuance' of peace.— -Formerly, lot- ' 
teries were expedients for procuring money on more ad- 
vantageous terras^ to which govehiment hafl recourse, 
when pressed by the necessities of war. They are now, it 
seems, to be established as permanent resources never to be 
given up Of suspended. — ^This must shock every person who 
is duly acquainted with the mischief occasioned by lot- 
teries, particularly among the lower classes of peo|)le. 
The rage for gaining threatens the ruin of all that is 
virtuous and manly among us. It is increasing fiist, and 
wants nol to be fostered by government. 

2dly. The swrphts of the present year is in part the effect 
'of some- extraoniinary savings in the last year, (1772) 
which cannot be expected another year : And, I believe, 
that those who are best acquainted with this subject, most 
be sensible that there fa no sufficient reason to expect, 
while the augmentation of the navy is continued, a con- 
stant surplus of so much as a million per ann, I mean 
this on the supposition, that the produce of the Sinkitfg 
Fund will contimie what it is taken for this year, and what 
it has been the last three years, or j^,600,000. But this 
b dertafrtly more than can be depended on. The difficulties 
of the Hast India Company \ that stagnatfon of credit 
which has lately distrcsfsed the public; and many other 
causes, may f)05sibly occasion Bfificicnacs: Should thercj 
however, be an increatey it will be owing, I am afraid, to 

a very 
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a vmr bid caaac ; Imemy tojurincnpieofairiiiipirtt^ 
tioQs procaedMW finm Iwuiy^ Md turaiog the. balance of 
tnde agauiat u$s and* <^Q«eqtMiiily, draudog tb« kJAg-- 
docD of U3 ^yMK^t wd leaving U moce aad more Iq the 
jvecaiioiis and dangaoai aupport of paper iqod^. Butt 

Sdly, Let the surplus of the public leTenue prove whtt 
it will, there is too much probability that, even duriog the 
cootiouanoe 9f peace, wmr ameigeaeiaa or other* will be 
often furqishing reasou or pfftteocfs for emploffhq; it ia 
other ways than tfie payment of the yMblic debts. This has 
been the case hitherto ; and from the year 1790 to the 
present time, i^ has never happened, that we have gone on 
above ttuee or four years together employing surph/aes in 
dischargiog debts, Thoogh in profound peaoe, there have 
been calls for a difierent application of them; nor can. I 
imagine what reason there is for believing that Our circum- 
stanoes are . so much changed for the better, that there 
will arise no such calls for ten years to oomCy should the 
peace last so long. But, 

4thly» The most capital de&ct in this plan is, that its- 
operation is to cease as soon as a war bfjgins. That 
is ; it is to cease at the very time when it woidd operate to 
most advantage, and' make the quickest progress in re- 
deeming the public debts. This has been demonstrated in 
the chapta* on puMic credit in this Treatise, and in my 
Appeal to the PubUc on tkf Subject of the National Debt. 

Is it then any wonder, that such a plan has had no 
effect on public credit ? — ^Does it mean any more than that 
the surplusses of the revenue shall be applied to the dis- 
charge of our debts, when there are no other uses for 
them? — And was there ever a time when this was not 
done ? Is not this the very plan we have been pussuic^ 
tnese forty years, and to which we owe our present in- 
cumbrances? Certain it is, that nothing but a plan that 
sh^l go cm operating uniformly in war as well as in pMca, 
or the establishment of a permanent fond that shall never 
be diverted; that is, in other words, a cetum to the 
8 scheme 
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scheme adopted by the legislature in 17l6j and wiuck 
even now stands established by law^ but which^ through 
the unpardonable misconduct of men in power^ has been 
defeateid of its good effects : Nothings I say, but this caa 
iio US any essential service; or, in our present circum- 
stances, be much morie than trifling with the difficulties 
and dangers of the public. — Establish such a fund — Con* 
$ifa it to a particular commission^ acting under penalties, 
in such a manner as shall take it out of the. hands of tlie 
Treasury, and form a check even on the House of Com'- 
fMons itself.— Supply from time to time all deficiencies just 
as if no such fund existed^ and, by these and other mea- 
sures, convince the kingdom that something effectual is 
meant, and that the public debts are indeed in the way to 
be extinguished. — Let this be jdon^ ; and we may soon 
see a new state of tilings; public credit may revive; and 
the kingdom enjoy at least a chance for being preserved.— 
By the confidence wliich such a measure would give in 
government security; but more especially, by the In- 
creasing sums which wcnild be thrown annually into the 
public markets, and returned to tlie public creditors, the 
S per cents, would soon be raised to pdr^ and in some time 
probably feur above par. It is well known, what an effect 
borrowing every year has in sinking funds. Paying every 
year would certainly have an equal contrary effect. In a 
time of war, particularly, it would give such a demon- 
stration to the pabUc, that an irrevocable plan of redemp- 
tion was at last established, as could not but produce the 
hap(aest effects. It would indeed !n these circumstances 
be necessary to borrow an extraordinary sum annually 
equal to the appropriation. That is ; supposing the fund 
to set out n^ith a million per arm. it would be necessary to 
borrow so much more annually than would have been 
wanted bad the fund been capable of being diverted. But 
this being done to convey a conviction with which the very 
power of borrowing was connected ; and to preserve ^fund 
on wliich the very being of the state depended ; no bad 

consequences 
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cdnseqi)encp& could follow. The annual charge on the 
public, occasioned by the war, would be even less than it 
must have otherwise been. For, let us suppose^ ten mil'- 
lions necessary to be borrowed every year to defray the ex-, 
pences of war, nine millioris only of which would have been 
wanted, had not the million surplus been locked up.; — 
Suppose farther, that the scheme, by keeping up public 
credit,' and tluowing money every year into tiie hands of 
lenders, enables government to borrow at £\ per ce?il, less 
interest than would be otherwise required; that is, at 4 
instead of 5 per cent, — In tn^se circumstances, there would 
arise a present saving to thelcingdom of j^50,0Q0 per ann. j 
for the interest of ten millions at 4 per cent, is i^50,000 
less than the interest of nine millions at 5 per cent. And 
such a saving, repeated every year of a war, would be an 
object of some importance to the kingdom. — ^Indeed, there 
may be no possibility X)f conceiving what important effects 
in this way, the establishment of such a scheme might pro- 
duce. X)uring its progress in discharging our debts, and 
before it could give any relief \)y the annihilation of taxes, 
it might save .the kingdom, by preserving it from difficul- 
ties which would have sunk it. And every one must be 
sensible of this, who has considered whet danger there 
is that a \var, should it become unavoidable before our 
debts are put into any certain course of jedemption, will 
clthor entirely overwhelm public credit, or so much weaken 
it^ as to produce an impossibility of borrowing except on 
very exorbitant interest, and, consequently, of finding 
taxes sufficiently productive to pay such interest. The 
general apprehension now is,' that the nation is overloaded; 
and that its debts will never be paid. This keeps the funds 
near 18 per cent, lower than they were in the last peace, 
lu the next war such apprehensions will increase, and pro- 
<iluce grtat danger. . But should ii be then sepn, that a 
plan for redeeming our debts, the most efficacious possible, 
was going on ; and, in consequence of being guarded in 
SQine such manner as I have hinted, would not (or could 

nol 
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not easUy) be revoked ; in these circumstances^ all danger 
would be so &r lessened, that it might be practicable to 
find new taxes which would support the expences of war 
during the operations of the scheme. 

But I am got for beyond the limits I prescribed myself 
when I begun this Preface. — ^As the national debt is a sub- 
ject unspeakably interesting to this nation, I could not 
allow myself to omit any thing that appeared to me of con- 
sequence upon it; and the Reader of this Treatise will on 
this account, I hope, excuse me, if I have detained him 
here too long and too unprofitably. Much has been be- 
fore said on this subject by writers of more consequence to 
no purpose ; and we shall pursue the path we are in, till 
the edge of the precipice towards which we are advancing 
awakens us, and rCkin becomes unavoidable — The distress 
occasioned by the shock lately given to the bubble of 
paper-credir, is, I am afraid, a prelude to greater calamities, 
and a warning to prepare for thenu 
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Tins tvoxk hssAng been for loue time out df prin^ I 
fesolved about ibur years ago to prepare for the preis a neir 
editlan of it^ ezpectiog that I should hata only a few eor* 
lectioiis and additioas to iDake of oo parnciilaf come* 
quence. But in this expectation I have found myself 
greatly mistaken. Such a variety of new mati<r came ki 
my way^ and sach means of improting this work were 
eommunicated to me, as have led me to bestow upon it 
more attention and labour than can be easily imagined^ 
and to increase It from one to two volumes. 

It is probable that notfamg could have engaged me to 
undertake so much labour had I foreseen it ; but havii^ 
begun, I eoutd not avoid going on; and I was encouraged 
Ify the reflection on the fiivoumble manner in which the 
former editions of this work had been received, and also 
t^ the hope that on one suhjeet of human enquiry i should 
be able to produce a work more complete than any that the 
public has been yet furnished with. 

The additions of most consequence in the present editkn 
are the following. 

Tliere has been added to the Second Chapter an account 
otssvcnl foreign Societies ; and a condnuation of the his- 
tory of such annuity societies as are still suhsisthfig in Loh^ 
don, to the time when that Chapter was printed ofF; that 
is, to the beginning of the year 1782.-- — The laigest of 

thesf^ 
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these additions respect the Amicable Corporation for Per* 
petuaL Assurances at Serjeant's Inn ; and the Society in 
Chaikam Place for Eifuftable ,Jfssurances on Lives and 

Stinnvorskips, The former of these Societies, should 

they think proper to look ipto these obsenmtions, will, I 

am persuaded, find that they require their attention . 

But it is the Spciety last mentioned, which, through the 

whole of this Treatise, I have had chiefly in view. Having 

for many years been concerned in advising thb Soeiety 

(the first of the kind in llie world, and increasing fest), 

I have been anxious about giving it all the information and 

asoftaftoe possible.-^-— The- additional observations ad- 

«4t|^S8ed to it in this edition will be found chiefly in this 

.VioJmKie.fTpm.page 181 to 19i ; and at the end of the 

.B^marks on the S^tfa Table in the 2d Volume. And, 

^rovfk these K>bseryatioQs, it may be learnt in particular, 

jtbaX though ^is Society^ in consequence of having hap- 

.pily Ipt^gwi to# high,, ^A$ already found itself capable of 

miiHii)g great abatements in its demands, it is^ill capable 

oC. inal^pg farther abatements. 

In the former editions of this work, I had intimated that^ 
;i {^ib|icatiou,of the tables by which its business ia trans* 
at^led, would be proper, together with an account of the 
•principles assumed, and the- method taken in composing 
them; This is an information to which the public has a 
r|gli|t, and which is ww given it in difierent parts of this 
wprky and particularly in the Second Volume at the end of 
the Bemarks on the 36th Table. 

> 

Many correctbns have been made and several additional 
.ffptes inserted in the First Essay. Some of these have been 
occasioned by two late publications ; one by Mr. fFales, 
»ii|aster of the mathematical school at Chrisl^Church ; and 
.the other by Mr. Howlet. See, particularly, the notes in 

.p,17, 24, 26> and 27, Vol.'u. The Table in p. 70* 

Vpl:U, is also now first inserted. 
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To the fourth Chapter a Poshcrjpt has been added^sthe V 
principal intention of which is to point out the reasons M^jd/ 
discarding the valuation of! sipgle and joint lives derived^ 
froBi Mr^ De Mqivr^^s hypothesis ; and also to describe a 
method o^ computing these values from any given tables of 
mortality, which, while it leaves no possibility of any mis* 
takes, renders «uch computations ^.easy and expeditious a# 
their nature will allow. 

The third Essay* is the same that it has been in all the 
former editions. But to the Fourth^ some additions have 
been made; particularly, the notes in p. 88^ 90, and 91, 
Vol. IL The first two of these notes have in view a re^ 
mark of Mr. Wales* s', and the design of the last is, to re- 
tract an assertion ui the former editions concemiug the 
duration of life in old age in ^eat towns, and to shew the 
reason why a greater proportion of the inhabitants of Loti- 
dcn died formerly in old age than have died lately. 

But the additions of most consequence are the Tables in 
the Second Volume, with the remarks explaining the con- 
struction, use, and application of them. In the general 

introduction to these Tables, and in the remarks on 
Table XVI. p. 306, it is shewn (and, 1 think, undeniably) 
that the Tables of the values of lives deduced from the 
London bills of mortality err only by giving them too high; 
and that, with respect to the main body of the inhabitants, 
the unfavourableness of London to the duration of life 
continues much the same that it used to be. 

Tables I. IL III. and IV. are an abridgement of Mr. 
SmarCs tables of compound interest^ and contain all that 
is important in them. 

The XVIIth Table, shewing the mean probabilfties of 
the duration of life according to a register of mortality at 
Northampton, has been inserted in all the former edi- 
tions; but it is now given more correctly; and tables de- 
duced from it have been added, of the expectations of life 

» In the present edtCioo, the third Chapter, M. 

^ Now the Mceiuf Eiiay in the second Koftime.— M. 

2 and 
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nd the talaes of single lifts and of any twojomi lives at 
all ages, and for three rates of interest. The hbonr of 
computing these tables was undertaken in order to set aside 
an occasion for using the defective valuation of lives 
founded on Mr. De Moiyre*s hypothesis ; but not having 
been able to finish these computations till a great part ^ 
this Treatise had been printed off, I have been obliged to 
oontinue the use of the old tables so &r as%to take from 
them many of the examples of the solutions of questions 
In the first and foRowing chapters. 

When tables of the values of two joint Ikes are given, 
the values of three joint lives may be deduced from them, 
with perfect ease, by Mr. Simpsdn*s rule inserted in the 
Second Volume df this Treatise.^ 

This rule saves so much trouble, that I have thought it 
worth while to procure calculations of the XXXVth and 
XXXVIth Tables, on purpose to determine how far it may 
'he depended on. The result is given in the remarks and 
comparisons at the end of those Tables. And it seems to 
appear tliat it finds, the values of three joint lives so nearly 
IB to leave little room for' wishing in this instance any 
greater degree of correctness. 

The rules from p. 221 to p. 233, Vol. I. describe a 
method of deducing, with sufficient accuracy, the value of 
any life or number of lives at all rates of interest, from the 
correct value given at one rate of interest.— In com- 
puting, therefi»re, tables of the values of lives, according to 
any given observations, no more will hereafter be neces- 
sary tlian to compute them for any one rate of interest. 

All improvements, however, of this kind would be of 
little consequence, were there no tables which state cor- 
rectly the laws that govern human mortality in difierent 
situations. One principal part of my business in this work 
has been to frame such tables ; and any one who will look 
#ver the collection of tables in the Second Volume, aiid 



< 6m RvuLtki at the end tf tlie 36thr Table. X. 
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IMurtkukrly those fcom the 41st to the 47th Table, will see 
;that I hare been fuhushed with the best means of doing 
-lliis.' • 

With respect to the Tables^ in particular, deduced from 
Ibe SwedidL Obsiervations, I cannot hesitate to pronounce 
that vthey eacceed in correctness every thing of this kind 
which has been hitherto offered to the public; and that 
Botlikig is wanting to make our knowledge in this instance 
•oompletr, btft aiiqilar observations in other kingdoms. — By 
these Tables I have.. been enabled to state minutely the 
diflferent nrfes ^f mortality ai all ages among males and 
femaks^ and'to fonn tables of the values of single and 
joint lives for eac&sez, as well as for both seies collective" 
ly $ in consequence of which, I have been farther enabled 
'to detemaine the inorease of the values of annuities payable 
during survivorship, occasioned by the longer duration of 
lives amcoi^ ftnialesl; andi;thus ^ furnish a direction of 
some impdvtaiiee ,to the vaifoits societies in this kingdom 
and ^Dood for providing animaides for widows. 

I must not ill tbb. place ne^^ct to acknowledge the 
great obligation I am undor to Mr* Warobntin of the 
Royal Academy, cf Sciences at SmCRndLit, for the com- 
nunications which have enabled me to make the additions 
to this ^I>eatifie last mentioned. It will be found i^lso, that 
I have been much indebted to Mr. Obdbe of Oldenbwrgh 
for several useful communications. 

In the observations and rules in page 200, &c. Vol. I. I 
have given a general account of the method of computing 
the values oi presentations to iivii^, and of the renewals of 
leases held either for terms certain or for lives. 

The rules from p. 2G3 to p. 27 T, Vol. I. shew how to 
deduce, from th^ values given of any annuities payable 
yearly,, their values when payable half-yearly or qtutrterlyt^ 
or when secured by land and payable half-yearly. And 
the last Table in p. 271/ exhibits the particular difference* 
between these values for two rates of interest. 
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die present Edition several notes have been added to dib 
Sopplemcnt ; but die additioii cf aiBil ooDsefutnos ii the 
FomcKiPT 0tk the suigeot of the pepnklion af the kaqg^ 
doni.*— L.I11 the fonner EditioMy and aba la the puhlU 
eatkNi entitled an Elssay an the Popidatim of Englmd 
from the Sevobiium^ Ac. I gave an acoomt of sevaal ftcti 
which seemed to me «e siMMr, that oar popubdoa hm de»> 
dined. Gteat pains binia been tahan to prava Am to ba ft 
mistake/ In the A«ter^ jost aaatitioDed^ I hmre atefed 
a little fiurther int^tfais cx>ntrovetiy ; and it will appear dMt 
tliOiigfa I still retain my former opiiiion» jet I wish ta be 
ooosidered at far finmi being .deeidad in It) and dierefat as 
Open to receiva afty ftvidaooa trtdch can be pradnoed 10 
overthiow it* 

Being lulling to oftmpriae in this Edition aH that I have 
written on the dnlatioa of hmnan life^ and the values of 
life-annnities, I have mserttd Thnc^ Bamya on dma sabi* 
jects, which havebaaa pubHshad in the Phihufkkal 
Thmsaciims of the Royai Sodeijf* 

A pretty copioifi Indes closes the whole. 

The additions I shall last mention are those whieh relate ' 
to pabKc cre£t and the natiotial debt ; and I have chosea 



<1 Mach hai been said also abont a mintake into which it is ivppoted 
I iMiTe fallen in estimating the quantity of gold coin in the kingdom. 
The troth, in this instance, Is MHly this.— The tiiird proclamation for 
calling in the gold coin brought la near dambie iht $nm that wa* ex- 
pected. In conseqaence of this, an estimate which I had pi|bUslifd in 
the First Tract on Civil Liberty, proved short of the tmth about tArwe 
mUHtrtu and a half; and it appears aow, that, azclusive of two mil- 
lions pnrdiased by the baak and melted lata bars, the gold coin of the 
kingdom was (in 1773) abont diarissa mitti««f, lasttad of tweka n^Bkm 
and a hal/^ as I had reckoned it. And this is the acconat I have gives 
IB the Uut edition, p. 74, of the Tract just mentioned, except thpt 
being then not informed of the cola pmrchased by the bank, I have not 
nentioacd it. 

to 



'to pi^B^MK diem kit, m acemmtof tWr jiiiticlilar Mr 

lafk^PrafiMlo fli0ThudiUkuK),.<m p. uit) I took 
Mdoo of a ]ian wmwimtfil ip.l^fS by JLmi Hariku^ tha 
ifeoM oC ComflKMit, for paying m thetco feUoni^ yraoi 
Ifnittobsof'llie poUiedebt. It ■ Deaeaary I diaoli 
]mM( jmr aaantioD* that thii' plan Jraa nevar Mkanniak 
liaiM- of. — T^Fbe ftmarics I faMre mada upon, it, wata 
Mlo#€d wMia propoBd' fiar axpadithig a plan of ifdJaanpi 
tkm ia aoch a manner, as to cause an appn^aiation of a 
million per ann* to discharge^, in forty years^ a hundred 
miUions of the public debti then bearing 3 pier ren// in- 
terest This proposal has not been continued in this Edi- 
jtion, because I intend soon t6 lay before the public a plan 
moi^ efficifiii<t» and better adapted .to the p^esenjt state of 
our fuQda« I-must, hovmrer, observe that, having aov no 
hope that an efficient plan of redemption wilt ever be esta- 
blished, I think* with regret of the time and attention I 
have bestowed on this subject. Nothing relieves me* but 
Ae feiectkm that the object about which I have lost my 
time, has been the removal of an evil whithy if no such 
measures as I have proposed are adopted, mu3t bring on a 
et^diirophe whidi will make this country a warning and a 
terror to the world. 

At tfie end of the chapter on public credit I have, in 
this Edition, inserted a brief history of the Sinking Fund ; 
and also a particular account of the increase of the publk; 
debts from 177^ to 178S.^ and of the state of our finances 
"at the time of signing the Preliminaries of peace in January 
last.' This account is^ I believe, as correct as it is possible 
at present to make it ; and 1 liave chosen for many reasons 

• Thit aecoBBt was omStted by Dr. Price in the tth EditiOD, bttt 
I «iidMvonred to rapply the deftcteDCy in the siith Editioo by 
S'lTios the amount ef the public debts in 1786, and alto at the time of 
tinning the DHInitive Treaty of Peace in April, 1802, (p. 887, 
Vol. I.)— M. 

f Thrir statemcnta were omitted by the author in the fifth edHloo. — ^M. 

c2 that 



HXVn PEEFACB, &C. 

that it should fohn a part of thb work. Hceeafter^ pro- 
bably^ it will be read with amazement. Our UUy, in thai 
instance, is without example. Lord Noktb ei^eys the 
singular dtstinctim of htcmg contributed ni»re to it than 
any jformer minister. By a war whieh has degraded die 
kiogdom^ and a dissipation of treasure which ww never 
equalled, he has, in the shoit oolnpass of sevea' yean, 
doubled a debt before too htevy to be endured.., A^ let 
future generatkins rise up; and> if ponibk^ let tfawi call 
liim— BfaisM^i^ 

K(nBNi^oii-Or»M| March 99^ lt83. 



S Had Dr. Price Mwti to witsfm the ptofwiou of die last tea years,* 
ht would probably have moderated the iercrity of this censure— The 
debt which appalled hlm» when H nmounted to 990 nnHons, has latriy 
swollcBlo the eaonnoiiB msh of MOiaiUioot»t and tie yearly exp«»> 
4itBre of a peae&4BtaUiihnent which; ho o9^ttidond as ia^pportable at 
16 milUoos, will in fntore require an aonoal taxation of more than 34 
millions t^Tho paper-«ircaIat>on which he so justly deplored when he 
arst pttUlshed this work, appears- to hare been then only in Its infaacy : 
It has BOW completely inandated the oonntify. The oofn has dinpiiearody 
and the Bank^ for whose credit he was so apprehensl?e» h|u for many 
years ceased to pay its notes in specie. The American war, which he 
regarded as so injorions and disgraceAd to the kingdom, has been soc- 
ceeded by another inHnitely more nrinoos, and more degrading in Its 
conseqaences. Had he therefore liTod to witness dbese, and a loi^ traio 
of other calamities which are too deeply felt to need the recital of them 
—had he lived to behold the Mao, during whose administratiou they 
were produced, retiring from office in triumph, and congratulating the 
nation on the envied state of prosperity to which It had been lately 
exalted, be would have changed the object of his resentment, and ac- 
knowledged that Lord North had long lost the distinction assigned to 
him in this preface.— M. 

• This was wtittea in 180S. 
f See page 338 in this Volume. 
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Tub following inTaluable work b one of the fruits of t 
life which was anifbrmly devoted to studious enquiry, and 
to the promotion of the best interests of mankind. The 
aotives that first led the author to engage in these labours 
were the most humane and honourable^ and be considered 
die SDCcess that attended them as the highest reward and 
giatification he coidd enjoy. Even in preparing his notes 
fer the former edition, which unfortunaAly were never 
completed, he mentbns his life as then drawing near its 
ckse, but that he had reason to reflect with satKs&ctkn 
on the time which he had employed in those pursiAs, 

The difiiBrent Prefaces which have been affixed to the 
several editions published by the Author himself, render it 
mmecessary to enter minutely into the origin and progress 
of this woik. But it may not be improper to observe, that 
the advice and instmction wUch it contained could not 
possibly have been. oNnmunieated at a more seasonable op- 
portunity, than at the time of its fijst publicatk>n in 1 769. 
"-^Hie various Societies for the benefit of age and widows 
wUeh were then continually rising up to allure and to de«* 
feat the hopes of the ignorant and dbtressed, were become 
an.oligeet of serious concern, and if the evil had not been 
e&ctually opposed, it would certainly have proceeded to a 
much more ahrming extent. On the first appearance, 
however, of this woihy the lage for estaUi^upg w*^ i>o- 

« cietiss 
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cieties immediately sabsided, a partial re(bniiatio& took 
place in some of those which had been ahready feitnedy and 
in a short time the ^redter part or them^ convinced of 
their mbtakes, dissolved themselves. A few, indeed, per- 
severed in an obstinate adheranee to their original plans, 
but they have long since exhibited a melancholy jHPoof of 
their own folly, apd of the truth and justice of the admoni^ 
tioQs which had been Wastbd upon thehi. 

It was Dr. Prices intention to have written a new Fte^ 
ftice to the former edition, in which he meant to have con- 
tinued his account of the state and progress of the few So^ 
cieties which then remained, and also to have inserted 
Mktever additions and remarks he m^t hivie thdiiglit 
nebessary to the imf^roflsment 6t the icdkfwing vbliiibes.-^ 
But he died sodn After th^ ^5/ of them was printed, and 
Idft'6nly a few detachied hints and observatkms in r^ard to 
the plan which he was to have adoptedw-^Being anzioos to 
exert every eflbrt in my po#er towards ftalf Uing hb hited>» 
Horn, I then endeavoured, though iti a much 
Vitener, to pursue Ae method whidi he had pointed 
Ibr hiMself ; but in the present edition 1 havt ventured tn 
deviate from that plan, by introdtidng the remarks wMdi 
I had ftrmc^ly inserted in the prefiu^e, together mth soat 
additional observations, in the farm of notes to die Aflfer^ 
lent chflfpters which treat of those Societies* 

Besides the peculiar satisftctkm which he derived from 
this work as having been iostrum^ttil in doii^ mutbk 
good. Dr. Price was also aocustomed to reflect on it widi 
pleasure, as it contahed, in bis opinion, many improve* 
ments in the doctrine of Annaities and in Political 
Arithmedc. — It was his wish therefore to have rendered it 
as complete s^ potoible; and the great nomber of tables 
and valuable oWrvations with which hehas- enriched each 
edition, and particularly theybanA, are a poof of his seal 
and success in liccomptishiog this' puipoBe,«—Tp the fiMi 
edition a.<iewtatile was added of ^enddes of two joint 
fites, \6(^mt0d'ttnder hh "^kitdAom ftom th^ )^robal»litidi 
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0[Ub 9k Narihampimh nckooing intereft of money at 6 
per omr. Hid alto tbne other tablet of the values of tingle 
fivea, eMDaaoiOBted and conputed by myself, from ^e 
same table of observations at the several rates of 6^ J, and 
Sp&rcent. llcse I believe were all the new tables^ ex- 
cepting (hose in the Appendix, wfaieh Dr. Price meant to 
have added to that editbn :— nor did he seem to entertain 
the most remote idea of teaking any material altemtions 
either in the anangement or the matter of the second 
vcilume, which he did not live to correct.^ — ^When diat 
•ditioB was put to the press it was done in some haste, and 
hk other ei^agements prevented him from attendmg to 
the correction of it before the first two chapters were 
printed off. Had not this been the case, he meant instead 
of the present answers to the llth and 12th questions in 
the fint Chapter, to have substknted others from a paper 
cewimimicated by myself to the Royal Society in the year 
1788, which was honoured with their approbation, and 
published in the 78th Volume of their Transactions. But 
beii^ disappointed in this intention, he reserved what he 
had 10 say on the subject for a note at the end of the 
second volume.— As &r as relates to these questions I 
have etideavoured to supply the deficiency. I have also 
explained some of the notes at the end of the first volume 
which af^^eared to me to be too concise, and have deduced 
bout the real probahilities of life other solutions of such 
Pioblems as had been derived from Mr. De Moivre's hy- 
podieris, -^intending by this means to give a fiirtlier proof 
that it 4an seldom or ever be necessary to have recourse to 
such an expedient in the doctrine of Annuities. — In con- 
sequence of a reference made by Dr. Price in a note at the 
end of the third Chapter, (Vol. I.) I have inserted all the 
different rul^ respecting the values of reversions depending 
OB survivorships between three lives, which I had com- 
mniiicated to the Royal Society in the years 1789, 1791, 
1794, and 1800, and which were published in the 79th 
Slst, 84th> and 90th Volumes of the Philosophical Trans- 
actions. 
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actiooft. TfaesC) like all the Other additions I hum nuuit, 
have been kept separate firom the work itsdf ; so that, . if 
an; errors have been committed^ they may be easily aacobed 
to the real author. 

As all the solutions in the first Chapter, except those of 
the 11th and 12th questions, are strictly tnie*^ according 
to any table of the probabilities of life, I do not know that 
this part of the work admitted of any other impnyvement 
than the addition in those two questions of correct lulea ia 
lieu of the approximations which had been taken bom Mr. 
Simpson's Select Exercises* But in regard to the second 
Chapter, which contains an account of the different So- 
cieties for the benefit of uge and widows, the circumstances 
and even plans of some of these have undergone such cmi- 
siderable alteratu)ns siiice the year 1773, when the fourdi 
edition was published, that it became necessary, in this 
and the former edition, agreeable to the author's own in- 
tention, to give a more accurate account of tlieir state* 

In the first Volume of this work** an account is given of 
a plan for enabling the labouring poor to provide support 
for themselves in sickness and old age by small vreekly 
savings from their wages. Since the first publicatkm of 
this plan Dr. Price had bestowed great attention on the 
subject ; and being furnished with more information than 
he then possessed, he was enabled to compute the valuable 
Tables which are inserted in the Appendix. — ^These woe 
intended to have served as the foundation of a plan to be 
established by the legislature, whiph should hold forth such 
particular encouragement to the poor as should induce 
them to give it the preference to those insuii^qient and 
erroneous phins w}iich have been so generally adcfited ia 
this kingdom. Nothing could be more important than 

« The SvbitlMf of the IBlh and 16tb qvntiAiis are tree, and (he rafai 
dedttccd fftNn them are loflicicntly correct for aoj iisefal pwfMie.— 
See Note (11) VoM. 

b ?{Qte page 149. 

such 
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suchU design. It was ibanded od the liest principles, and. 

had tM happiest tendency to assist the poor by encbunging 

industry and saving, and by lairing them above the wretch* 

«dnecessity of depending upon die parish for subsistenct 

when rendered incapable of providing for themselves. TItt 

hill for estaUisKiog this phuoi was brought into parliament 

abdut twelve years ago, aild after having passed the House 

of Commom was rejected by the Lords. — But it is to b# 

hoped that this want of success wiU not prevent the subject 

IrcHn being resumed hereafter : For its usefolness and im* 

portance, when properly understood, can hardly fail to 

engage every branch of the l^i^ture in its support. It is 

observed by Dr. Price^ that the poor's rate in the year 

1777 amounted to i^l,556,804. Since that time it has 

been doubled; and the truth seems to be, that there is a 

growing distress among^the poor, occasioned most probably 

by the price of provisions having increased more in propor* 

tion than ihe pnce of labour ; which renders it almost im* 

possible for a poor man, if he have a wife and family, to 

subsist on his wage8.-*-Thb melancholy truth might be 

proved in the most convincing manner from the valuable 

information communicated to Dr. Price by Mr. Moreicn 

Piity the member for Dorsetshire, whose humanity has 

led him to make particuhr enquiries into the state of the 

poor of this Kingdom. — ^But it would be foreign to my 

purpose to enter into disquisitions of this kind, though I 

cannot help observing how much it is to be lamented that 

others have not been- stimulated by this benevolent exam* 

pie to make similar enquiries, md to interest themselves in 

adopting such measures as might effectually relieve the 

disMsses of the labouring poor. By the formation of ni« 

tional plans for this purpose tlie many wretched schemes 

which have so often risen up to delude their hopes would 

disappear, the indigent labourer and his family might then 

Iod< forward without anxiety to seasons of sickness and old 
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age, jmd dw moie wcMtj eflyojr Ae advaatagt of a i«* 
ductkm in the enofmous expeacc with which the pariahet 
are loaded for the nuuntenance of dieir poor.— It is indeed 
a great misfortune that the dSftient parochial ckifat esta-* 
blished itt thk kingdom ihouU in genenl be iMinded on 
mch erroneous principles^ and that a disposition so Im-^Hi^ 
in itself should not be properly directed and eneounq^ed by 
die legislahire. The funds of these Qubs have^ it is tme^ 
been preserved by a hte Act of P^iament fitom the de* 
predatioDs of their treasurers. But it woald have been as 
well, perhaps, if provision had been made in the same Act 
against the fornmtidn of such dubs, or of any Society fiar 
the benefit of Age, Widows, &c* without having previously 
anbmitted their plans to some persons competent to judge 
of their eflSiciency. — At present they are formed from the 
crude suggestions of the most ignorant^ who in <Mder to 
procure a sofiicient number of auhscriptions often propose 
the most extravagant terms; so that it soon beoomes a 
matter of very lihie .oonseqnence to the greater part of 
the subscribers whether they are robbed by thdr treasurer, 
or ruined by the multitude of tiieir claimants. But of all 
the phantoms which are held up to entice and to deceive 
die pnblic, none are more mischievous or deserve more 
severe reprehension than the Tontinbs which have lately 
prevailed so much in every part of this country. By these^ 
while the adventurer is flattered with the extravagant hope 
of making his fortune in a short period and at a small ex- 
pence, the worst spirit of gaitabling and idle speculation 
is called forth, and all those baneful effects which are. pro- . 
duced by a State Lottery in London are extended to the 
remotest corners of the Kingdom. Is it not then a matter 
of serious concern that this mischievous spirit should derive 
iiinction and encouragement from those who ought to exert 
every efibrt in opposing it } The annual estaUishment of a 
State Lotteiy is now regularly enumerated among the ways 
and nseans of the Minister ; but of all the wretched mea- 
sures of finance whicli have lately been adopted^ it is im- 
possible 
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|Mibld M» faMgfftie oiMi «) unpRtftabh to gomsmtnt, tnd 
«t 1116 MM time no detelerioui in its- oomeqite&ecs to tfai 
pMik* WMtthttd ihusi be ttwcndkbii of tkat c<niiiti| 
wMe the ttMMAf df th* |iea|>lt ii^ sacri^^ 
#f dil» ftvemie^ nd wImic tbe fmblic cadgeneiet ire pro* 
tiM fir by the (Mniicntti uriManee of Mch «pedinli« 
While thb Wortt fMskm of the Iiuhm& mind «fe diitt 
Hcfisbfed and uuiinttdiied hj th«e who oi^t to exert 
their power in suppressing them, we may indeed lament 
die nisdiievoot consequeiiees, hut it will be of little aiail 
Wiafpott (bem by Ae sober efiorti of reaaoa and aifo^ 
JMBf* 
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It was Sr* Prices intention^ as appeaii from somi fc« 
fareooes in the farmer cditioD, to have continued his ao» 
count of the public revenue and eKpendtture to the begfai* 
tttog of Uie year VJ^A^t^Ht had also proposed to hav« 
published the three phms for paying off tbe national debt^ 
wfatek were eonlmunicated by him to Mr. PUt in conse* 
l|acAce of an application haring been made to him for hia 
opinion aiiA advice on that sut§ect.-*'-Ooe of these plans 
was adopted by the minister without the slightest acknow« 
le^menty and now forms the foundation of an Act for le* 
dueing the public debt, whidb was established by the I^s« 
latnre in 17^9 and contributed more than any other mea« 
sure to raise the credit of tbe Isle Administration* la 
order as for as lay in my power to fulfil the intentions of 
Dr. Price, i hare in the first Vohmie inserted those phms^ 
together with such remarks aa were Becessary to exphdn 
them, l^ese formed a part of a pamphlet published by 
myself on the wikifict in the year 179^ ; which having been 
long ont of pritKt, I thoiight so much at least (rf it might be 
preserved in this worh| as would tatid to illustmte the con* 
duct of a Ministttr, mriho^ fdmlarer may be his prcttnsiona 

in 



xllV MSFACB TO THl 

m other respects, does not appear to indude grati(ade ia 
(be list of hb virtiics.-^At the cooduskm of these remarks 
I haFe also added an aoeoimt of the National Debt ;--rilot 
indeed at the period to whidi Dr. Price intended to have 
fanm^t ity for that woald have given a very imperfect idea 
of its amount, but to the end of the year IMl; fiomwhidi 
it will be seen how fieeble the operations of the best plans 
must have proved against the accderated accumulations of 
the last ten years. 

But the chief alterations in this edidon will be found in 
thtf orf oi^dmMU of the w<xk. All that related to the same 
subject I have endeavoured, as far as circumstances would 
permit, to bring together ; so that some of the Chapters 
which composed the second, now form a part of the first 
Volume, and on the contrary some Chapters in the firrt are 
transposed into the second Volume. By this means the 
whole is rendered more methodical at least, and the reader, 
in consequence, when studying any particular subject, will * 
not be interrupted^ as in the former editions, by having to 
examine diflferent parts of the work before he finds all that 
"has been written in it on that suliject* 

Hence the questions concerning Reversionary payments, 
and the application of those questions to the establishment 
of Societies for the benefit of Old Age and Widows, are 
fotlowied by an account of the difierent Societies of this 
hihd now existing in Great-Britain. In the next Chapter 
is given the method of calculating the Values of Rever* 
sions depending on Survivorships, which appears to have ^ 

been written chiefly with the view of correcting an error 
into which Mr. De Moivre had fallen in the solution of 
tho6e Problems. — To these succeed an account of the 
Values of the renewal of leases, and a Chapter containing 
iKe most elcpedttious method of computing the yalucsiof 
^gle and joint lives accordii^ to any tables of obaervatioo* 
In tfie dth Chapter are given Theoeems for finding the 
diflferenee between the values of Annuities payable fsarly^ 
half-yearly, quarterty, and momently ; which^ togethes with 

the 
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the algebraical notes at the end of the first Voluxile, «on- 
tusk all dutt was fonnerly dispersed throughout the differ- 
ent parts of the work on the subject of Annuities and Re- 
▼enions. 

The National Debt seems to be a subject not im- 
mediately connected with any of the other matters of 
which these volumes are composed. Hie 6th Chapter^ 
there&xre, which treats of public credit^ the establishment 
of a nnUng fund, the amount of the public debt, &c. is 
inserted tit the end of the Ist Volume, in order that the 
whole of what has been written on the expectations of 
life^ the .population of the kingdom, and the method of 
forming tables of observations, might be connected to- 
gether in tlie 2d Vdume. 

The different Chapters on these subjects constitute a 
great part of dia$ Volume ; and the remainder, excepting 
an appendix at the end containing some computations and 
rules for the better formation of benefit clubs, is entirely 
occupied by the vast variety of Tables, which render this 
work valuable above every other publication of the same 
kind. It is necessary, however, to observe that in this 
new arrangement not the slightest variation has been made 
in the text, nor has any other improvement been intended 
by the notes and alterations in this edition, than to 
methodize the general plan of tlie work, and as far as pos- 
sible to follow Dr. Price* s practice of extending and adapt- 
ing the inftnrmation it contains to tite circumstances of the 

present time. 

W. MORGAN. 

JunuMry, 1603. 
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CHAPTER I. ^40 

% 

Quettions relating to Schemet fvr gratUing 
Reversionaiy Amiuitiei, and the Value of* 
Assurances on Lives. 

QUESTION I. 

** Al set of married men enter into a 
*' society for securing annuities to their wi- 
^ dows. What sum of money, in a single 
^ present payment, ought every member to 
** contribute, in order to entitle his widow 
^ to an annuity of ^30 for her life, esti*^ 
" mating interest at 4 per cent?* 



ANSWER. 

Tt is evident, that * the value of such an 
expectation is difierent, according to the dif- 
ferent ages of the purchasers, and the pro- 
portion of the age of the wife to that of the 
husband. Let us then suppose, that every 
person in such a society is of the same age 
with his wife, and that one with another all 
the members when they enter may be reck- 
oned 40 years of age, as many entering above 
this age as. below it. It has been demon* 
^trated by Mr. De Maivre and Mr. Simpson, 

VOL, I, B that 



3 Questions concerning 

that ^ the value of an annuity on the Join/ 
• continuance of any two lm», subtracted 
^ from the value of an annuity on the life 
" in expectation/* gives the true present 
value of an annuity on what may happen to 
remain of the latter of the two hves after the 
other. 

In the present case, the vvlue of anaoiw^ 
lo bo enjoyed 4nriog (^e.^2/ c^ntiHu^nce of 
two lives, each • 40, ^ i§ 9.826, affording 
to the probabilities of life in the Table of 
Observations formed by Dr. Halley, from the 

bills 

1 • • - 

1 

• S«( TabltfVlF. V«t. n. 

• 

^ The Values of jaini livts and retenions, as MtaceA 
firom.tbe ifr^hw ohsefvadoD^ are not gjivea ia imf pan 
o( U^^ work &om Mr. De Mgivre^s rules in his treatise oa 
annuities on lives. For the^e rules ar^ approximations, 
wMeh gke results so fiEUr fran th^ txuth> as t<l be, wA 
only useless, but ckutgarooB. In the 4th Chapter a par-* 
ticular account of this will be given, and also of the me- 
thod in which these values. have been calculated. 

Mr. De Afokre has i^lcul&ted the values of single lives, 
qp thf ^sjipyoqilioB ^f^eau^ d^erenient ofllf0 ihftHigh ail 
its 3tAg^ till the age oi 36, \yhich l>e considered as th« 
utmost probabte extent of life. Thus, let there be 56 
persots «{te at SO* years of age. It is supposed that one 
Mia cfi'a avary year tUJ^ iq $€ ^at«, tha^ i^iU k% aU dead. 
The sagie m\\ happen to 4(i at 40^ in 46 yean. To 36 
at 50, in 36 years, and so on for all other Ages. Tlie 
number of years tvhich a given life wants of M, be caib 
the complenuM of tliat Ufa. . Fift j^aix, tttfoafoiek ia tba 
cornfikment of 30;^ 4&q[ 40, apd 3G o( SO. ^ 

ThU hypothesis eases -very much the labour of calcu* 
latihg the vahies of lives ; and at m6st age» between 9(^ 
at»d 70, nr 76, it -is aa^ oonformaUe to Dr. tUUep's Tabia 
of iK^vatiom, that I shall ^ot, in tkesa ^aestif ns, thinly 
n Qaqessary to distinguish batwcen the values of single 

lives 
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"bills of mortality of Breilaw in Silesia. The 
^ue of a single life 4o years of age, as given 
by Mr- De Moivre, agreeably to the same Ta- 
ble 



tmB as (kdticdl tnm ilm l^bje^ and the same values 
^eduotd from the Jiypoihesis. 

Im Older to ftmid putting the reader to trouble, I have 
given this table among other tables in the 2d Volume. 
And I bav6 also given two tables which I have formed 
from the bills of mortality at Northampton and Norwich. 
These last answer more nearly to Mr. De M^ivre's hypo- 
thesis than Dr. Halley's table ; and the difiference between 
the values of single and joint lives by the hypothesis, and 
the aaiae vriues oompiicedi strictly from the tables, is 
fganenlif ksa in these tables than in Dr. HaUey's. When 
ffaerefbitt^ ia theeosBie of tbit woric the values of singk 
mBBiiamt Itves an mentapned^ as giveo agreeably to Dr» 
HaUey's table, it must.be mideiatood, that they arc taken 
iEom the 6th and 7th tafabs, and given in strict i^eement 
4mkf io' the hypotbemi and that for this reason, they 
ore in veaiih^ stiU DM>ns confanaaUe to the Northampion 
ami Norwiek tabksi 

The inhabitants of London, as is well known, not liv<« 
ing so hmg as the rest o£ mankind, the valued of smgie 
ai^ Joini lives theve are oonstdecably less than these jnst 
menooaed* And, tberefbre, ^cnever I have had L»n^ 
dm lives in uiew, I have given particular nodoe of it, - 
ttod taken their values &mm Mr. Simpson^ who has calcn^ 
lafeed them from the Lotvian tables of observation* Set 
tlie Tables in tbe.2d Volume. («) 

(a) When this work waa fii^t published no other tables 
Cif the values of annuities on single and joint lives had 
been computed from real observations, than those given 
by Mr. Simpson ^m the very inaccurate billsi Of morta-^ 
lity in L/mdon, Dr. Price, therefore, at that time was 
tumet the necessity, in exemplifying his rules, of having 
recourse to Mr. De Moivre*s hypothesis, which, agreeitig 
nearly with the Breslaw table in die middle stages of life, 
be considered as more correct than tables deduced from 

1i2 the 
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ble, is 13.20^; and the farmer subtracted 
from the latter, leaves 3.37, or the true tmm- 
ber, of years purchase, which ought to be 
paid for any given annuity, to be enjoyed by 
a person 40 years of age, providedhe survives 
another person of the same age, interest being 
reckoned at 4 per cent, per annum. The an- 
nuity, therefore, proposed in this Question 
being ^30, the present value of it is 30 mul- 
tiplied by 3,37, or ^101 2s^. 
By calculating from Mr. Simpson's Tables* 

the decrements of life in a large town, where they are 
always found to be much higher than among mankuMi ia 
general. — ^In the fourth edition, however, new tables were 
given of the Tallies of Single and Joint lives deduoed 
iirom observations at Northampton^ Sweden^ &o. which 
have rendered this hypothesis altogether unnecessary, and 
enabled us to obtain the exact values of Annuities and 
Reveraimis in aU cases, instead of those values which in 
the earlier and later periods of life do not even appnud^ 
mate to the truth. — But inasmuch as Dr. Price chose to 
continue his original examples in the two editions which 
he published after computing the above-mentioned tables, 
I have not ventured to alter them, but have contented 
Invself with giving the correct values in the notes sub* 
jomed, which will be ibund in geneial to differ but little 
fiom those in the body of the work, owing to the ex- 
amples having for the most part been coimned to the 
miadle stages of life, where the hypothesis agrees nearly 
as well with the Northampton^ as it does with Uie Breslaw 
table of observation. M. 

^ See Table VI. 

^ The annuity by the Northampton table is worth 
9.377 years purchase, or if 101 Ss. M. 

« See Tables X and XL Vol. U. 

formed 
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formed from the bills of mortality of Lon" 
don, this value comes out^^l02. 

The difference in the value of the reversion 
will be inconsiderable, whether the common 
age is taken a few years more or less than 4o. 
Thus married men of 30 ought not, accord- 
ing to Dr. Halleys Table, to give two-fifths 
of a year s purchase more, for any given re- 
ver^ionaiy annuity for their wives, than mar- 
ried men of 50, provided they are of the same 
ages with their wives ; and one quarter more, 
according to Mr. Simpsons Table. If the 
vidves are younger (as is generally the case) 
there will indeed be a, considerable difference; 
for the value now determined, would be 
^120 according to the Breslaw Observa- 
tions, supposing the two lives , to be 40 
and 33, or that wives are one with another 
seven years younger than their husbands; 
and £\\Q^s. according to the London Ob« 
servations, 

QUESTION II. 

^ Supposing such a society as that de- 
^ scribed in the preceding Question, to be 
** limited to a certain number of members, 
" and constantly kept up to that number, by 
^ the admission of new members as old ones 
^ are lost, in consequence of their own 
'^ deaths, and the- deaths of their wives: 
" What is the number of annuitants which, 
6 ^in 
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^ in s6ne time afiter its establishmenlty will 
" come to be constantly upon it r 

ANSWER. 

Since every mania^e produces etjIlieF a 
widow oir widower; and since alt mairkigei^ 
taken together would produce as nMlny wi- 
iiows as widop^^efs, w«e eVcry man «i»d his 
wife of the same age, and the chance equall 
which shall die first ; it is evident, that th^ 
number of widows that ha^ e^et existed in 
the world) %aal<t in this ease, be equal to 
half the ndmber of Riarr]0ge& ' And what 
would take place in the world, must also^ on 
the same suppositions^ take place in tibia so- 
cietyt~-~In other words ; every o^lher pqp- 
son in such a society leaving a widow, there 
must arise from it a number of widows equal 
to half its own number. — ^But this does, not 
determiiie what number, aU living at one and. 
the same time, the society may expect wiU 
comie to be constantly upon it. For if every 
•widow lived no more than a year, the society 
would never have more annuitants upon it, 
than came on in a year. And on the con- 
trary, if none ever died, the number of an*- 
jauitants would go on increasing for ever. — - 
Tis, therefiare, necessary, in order to xnswtr 
the present, enquiry, to determine bow long 
thft duration of swtvmxrship between persons 
of equal ages witi be, compared with the du^ 
raiian of numrimge^ And the trath is, that, 
supposing the probabilities of life to decrease 
• ^ ^' . uniformly. 
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xm^tfooly ^ (be ftmaei i$ cqud to the latter ( 
and cimsequenlJyr that the nuliibev of nir^. 
wmw$, or fwkidb is tbtr Mitic wppoiiog no 
aecond jttaniages) of widows tm mdow€ri 
diiTe togetker, which uriU iuiite from uxy 
giran 9et of siuch maitiages CDmtftnl;] j" ktfpt 
up, iraU be equal to the wbole mnaber of 
maniagtt i or kiflf of them (the nwnber 6f 
widoirs in jiarticuiai) equal to half the niim*- 
ber of fnartiag.e8.-**^Now, it appears that ift 
ai0dt to%M the decrease in the ptobahilitied 
of liftt id in fact neatly unifbrm. Acx^ording 
to the £n»/a?/^ the iVorci^ and Northampton 
Tables of Observation^ almost the same num*' 
hers die ererj year from 2o years of age to 
7f ^» After tlm, indeed^ fewer die, and the 
rate of decrease in the probabilities of life is 
retarded. But this deviation from the hypo* 
tfacais is inconsiderable; and its effect, in 
the preseat case, is to render the duration of 
ButVAV w sfa ip kniger than it would otherwise 

* That ks mxgifaAa% tlua Mt of aoy^ giten tk^jm^t 
alive at any age, the same . number will die c^ery year till 
all are dead. See the preceding note. That on this hy- 
petbesis, the duration of survivorship is equal t^ the dt>^ 
ratim of marriage, wbeb the i^es are «f oal ; of, in 0th«r 
MTords, that the expectation of two joint lives, the agf 9 
being equal, is the same with tlie expectation of survivof- 
shrp, may be leamt from the l8th and 20th prdMeoif ol 
Mr. De Mome*^ treatise on aanoiiiei; and a deinonsCfiiH 
tion of it, together with a particular explanation of thi^ 
subject, qiay be found at the beginnbg of the first Essay 
to which 1 muat beg the reaider to tam, if be is ac oby 
l€M idxait the AiU meaaiag of what ia hera laid. 

* Sec Tables V. Vm, and XVII. Vol. II. 

be* 
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be. According to the London Table of Ob^ 
tenrationSy the numbers dying every year 
b^n to grow less at 5o years of age; and 
£-001 hence to exti^ieme old age^ there is' a. 
constant * retardation in the decrease of the 
probabilities of life ^. Upon the whole, there- 
fore, it appears, in answer to the present 
Question, ^ that according to the three 
^ former Tables of Observations, and sup- 
^ posing no widows to marry, the number 
^' enquired after is somewhat greater than 
** half the number of the society ; but, ac- 
'^ cording to the London Table, a good deal 
^ greater*' 

It must be carefully remembered, that this 
has been determined on the supposition, that 
husbands and their wives are of equal ages, 
and that in this case it become an equal 
chance which shall die first* . la reality nei- 
ther of these suppositions is just Husbands 
in general are older than their wives; and, in ' 
equal ages, the mortality of males has been 
found to be greater than the mortality of fe- 
males. For both thes^ reasons, it is much 
more than an equal chance that the husband 
will die before his wife, or that the woman 
shall be the survivor of a marriage, and not 
the man. This wiU increase considerably 
the duration of survivorship on the part of 

^ The reason of this difference between the Londori 
and other Tables, will be given at the end of the se^ 
cond £ssay. 
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the woman, and consequently the number 
^enquired after in this Question* The mar* 
riage of widows will also diminish this num-« 
her, and the 'operation of these causes will 
be different in different situations. - But it is 
by no means to be expected (in the situation 
of the societies I have in view) that the di*. 
minution from the latter cause will be con«* 
siderable enough to overbalance the opera- 
tion of all the other causes which hare been 
mentioned, and reduce the number under, 
consideration so low, as half the number of 
mjirriagesV 

SCHOI^IUM, 

In London it appears, that there is a re^ 
tardation of the decrease in the probabilities 
of life, which renders the duration of survi- 
vorship between two lives of equal ages, con- 
siderably longer than their joint continuance. 
It seems worth observing, that this is the 
reason why, though the probabilities of life; 
and therefore the values of single and joint 
lives, are less in London than in other plaqes^ 
yet the values of reversions depending on sur- 
vivorships, are in some cases greater there. 
It is proper to add, that this likewise is the 
reason why, in calculating the values of joint 
lives and reversions, the present value of an 
annuity payable yiearly to the survivor of two 

* It will be obscired hereafter, that this observatkni 
^ been foanil to be true in (act. 

^qual 
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oqual Iive8» may ocnne out equal to^ <r cren 
greater than, the present value of a like an«* 
nuity for the joint lives* As an aiuiuitjr, 
during such survivcHBfaip, will probaUj not 
become payable for some yeara, and there^ 
fbre the money given for it wiU have tirae 
to accumulate^ it is manificBt; liiat the Talue 
of it could never be equal to the valse ^ an 
annui^ eu the joint lives, the payment of 
vrhicb begins immediately^ were not the ob^ 
serration now made true. 

QUESTION m. 

** Such a society as that described in the 
* preceding Questions being supposed; in 
^ what time will the number of annuitants 
^ upon it come to a maximum f' 

ANSWER. 
In order to be more clear in answ^ering this 
Question, I will first supj^se the society to 
comprehend in it from its first establishment, 
alt the married pieraons of a// ages in any town 
or country, where the number of people con- 
tinue constantly the same. In this case» the 
whole collective body of members will be at 
their greatest age at the time of the establish- 
ment of tli^ society: and the number of 
members, together with the number of vri* 
dows left every year, will, taking one year 
with another, admit of no increase or dimi^ 
nution. The number of widows in life to- 
gether, derived from any given number com* 

1 ing 
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jtag on a society every year, will increase coti* 
tintially^ till as many die off as are added 
every year ; that is till they come to die off 
as ^t as possible. But they cannot die off 
as &st as possible^ till the whole coUectlve 
body of widows are at their greatest age : or^ 
till there is among them the greatest number 
posnble of the oldest widows; and, therefore^ 
Bot till there has been time for aqi ac^ 
cession to the oldest widows, from th<» 
joangest part of the widows that come on 
amually. 

Let usy for the sake of greater precision, 
divide the whole medium of widows that 
eome on evety year^ into diflerent dasses ac^ 
eording to their different ages, and suppose 
some to be leftat 66 years of a^, some at 46, 
some at 36, and some at 26. The widows, 
constantly in life together, derived from the 
first ebuss^ w31 come to tbeir greatest age, 
and to a maximmn^ in 3a 3rears, supposing 
"with Mr* DcMmore^ 90 to be the utmost 
extent of life. The same will happen to the 
second class in 40 yeaiB, and to the third io 
50 years ^ But the whole body, composed 
of these classes, will not come to a maxi- 
muniy till the same happens to the fourth or 
youngest class; that is, not till the end of 
6o years. After this, the affairs of the socie^ 

"^ la note (A), at theemfof Ae^d Violnine, a rnic h 
IpvcD b; wkkh the mirobem 9&vtt af the end oi' anv par* 
liaular oi^mber of yean^ may be very easily u^tcnuiiied. 

will 
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vnH become stationary, and the number of 
annuitants upon it of all ages will ke^ 
always nearly the same; 

Such is the answer to this Question^ sup* 
posing a society to begin with its complete 
number of members^ consisting of married 
persons of all ages, in the same proportion to 
one another, with the proportions in whidi 

tiiey exist in the world. ^If it b^ns with 

its complete number of meiQbers, but at the 
flame time admits none above a particular 
age: If, fof instance, it begins with 200 
nembers all under 50, and afterwards limits 
itself to this number, and keeps it up by ad- 
mitting eYcry year, at all ages between 26 
and 50, new members as old ones drop off*; 
in this case, the period necessary to bring on 
the maximum of annuitants will be just dou« 
bled. For, in the first place, the whole col- 
lective body, of members will be 6o years in 
^tting to their greatest age, as may easily 
appear from what has been just said. The 
annual medium of widows therefore, that 
will come on the society vwill increase con- 
tinually, for 6o years ; it being evident, that 
the ol^er any set of married men are, taken 
one with another, the faster they will leave 
widows. And after this annual medium ia 
increased to a maximum, 6o years more will 
be necessary to bring to a maximum the num- 
ber in life together, derived from such a fixed ^ 

annual medium constantly coming ba^— ' — If 

suph. 
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such a society is any number of years in ^n- 
ing its maximum of members^ the time ne* 
nessary to bring on the /Ttaxtmi/mof annuitants 
will be still farther prolonged, and will be 
equal to twice 60 years with that number of 
years added. — Most of the societies for grant- 
ing annuities to widows are of this kind: 
and, therefore, supposing them to gain their 
complete number of members in ten years^ 
and for ever afterwards to preserve it, the 
number of annuitants upon them ¥^ill go on 
increasing for 1 30 years — Jt is proper, how- 
ever, to be remembered, that the increase 
will be quicker at first, and afterwards slower; 
and that, within 20 or 30 years of the end 
of this term, it will be so slow as scarcely to 
be sensible, though still real 

All who will bestow due attention on this 
subject must see these decisions to be just; 
and a demonstration of them might be given, 
in a form more strictly mathematical, were 
if necessaiy . 

QUESTION IV. 

'• Suppose the members of such a society 
^ as that described in the preceding Ques- 
^ tions, to chuse making annual payments 
^ during the continuance of marriage, in lieu 
** of the sura which the reversionary annuity 
^ for their widows is worth in present mo^ 
ney : What ought these aiinual payments 
to be, estimating interest at 4 pe^^ cent f 

ANSWER. 






]« Questioni cm w ermng 

ANSWEIL 

This will be easily determined, by fincfit^ 
what an«iTial payments, daring two joint liyes 
of given ages, are equivalent to the value of 
the rerersionary annuity in present rhAnen. — 
Suppose, as in Question I. the two joint lives 
to be each 40, and the reversionary annuity 
^30 per annttm. An annual payment during 
die continuance of two such lives is worth, 
according to Dr. Halleys Table of Observa*- 
156ns,. 9.62^ years purchase. Thfe; annual 
payment then ought to be such as being mul- 
tiplied by g.82, will produce* \s6loi:,l, the 
rent value of the annuity in one j^ayittent 
Question I. Divide then s^ioi.i by 
9.82, and the quotient , or ,5^10.3 will be the 
answer. — : — ^This is very nearly tjie annual 
payment of all the members at an average, 
supposing' equal nmnbcrs to offer themselves 
for admission of every age between 3o and 
so. As mudi as some give less, others 



» See Table VII. VoK »• 

^ Particular notice should be taken of the method of 
notation here used, because it will be carried through the 

whole of tbiaworir. The figures on the right band ^ 

tbe fuU-point signify the decimal parts of ^1. Tbua; 
jf lOl.l, is 101 and the iOthof ^1 or £\0\ and 2s.— 
jf 9.3^, is jft), and 30th hundredths of £\ or £^ *Js. 
10ri.~*^i^IL^ is ^11, and 33 hundredths, of £t 

or ^\\ Sik Jd.^ In ffeneral ; it should be remethbesed^ 

that 2 shillings allowed for every unit in tha first 'place 
of decimals, and two-pence lialf-penny for every* umt in 
the second place of pecimala, will give^ nearly enough, 
the value of the decimal part of every such expression. 

ought 



DU^ to give more, bccording to their es- 
ce» of age. Thusi .the annual paym^it of 
a nmrried person^ 3o yeajre of age, ought to 
be^Q.SQ; and of a person; 5o yean of age; 
i£l l«a9 \ — ^— If the iffaluea of joint Uvea an4 
ckf the leveraiooary annuity are taken agree- 
ably to tlie Loudon Table of Observation^ 
th^ annual payments will, be, for so yean 
of age"", ^10.9 — for 40, ^12.6 — ^fbr*«o^ 
^14.5. 

If either the rate or interest is supposed 
io\rer> or wifves are auppoised younger than 
their husbands, the annual payments will be 
increased. But there is no occasion for point- 
ing out particularly the difference. It may 
be easily found in any casea by the directions 
now given* There is, however, .one obset^ 
vaticm which ought to be here carefully ab> 
tended to. — ^This method of calculation sup* 
poses, that the first annual payment is not 

"^ These pajrmeBts by ' the Northamptoa TaUe am 
d^. 1 9 aad .^1 1.82 respectively. M, 

"* The value of two joint lives of SO, taken fiom Table 
Xll/Vd. 11. is 9.6. This subtnieted from the vafaie of 
the life b expeetatipn, or ttom ISA, by TaUr Xi. 
gives 3.5^ the number of years putchase which an an* 
nuity for a life of SO years of age^ after another life of , 
the same age, is worth. This remainder^ multiplied by 
30, gives j^l05, the value in a single payment, supH^ing 
the revenionary annuity to be j^SO. And j^ios mvided 
by 9.6; gives i^lO.9, the value of the same annuity in 
annual payments, during the jinat continuance of the two 
lives, according to the London observations. — By similar 
operations all the other values above given have been 
found. 

ta 
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to be made till the end of a year. If it i* to 
be made imrhediately, the vdue of the joint 
lives will be increased one year 6 purchase ; 
and, therefore, iti order to find in this case 
the annual payments required, the value in 
present money found by Quest 1. must be 
divided by the value of the joint lives in- 
creased by unity, and, in this way, the pre- 
ceding values at 4 per cent according to the 
Breslaw Observations, will be found to be 
^8:62--^^9.35 — ^^10.071* — According to 
the London Observations^ ^ 1 0, — ^ 1 1 .2,— 7 
a6i3.7. 

QUESTION V. 

' •^ A society may chuse to make abate- 
"ments inr these annual payments, and to 

* require the remainder of the value of the 
^ reversionary annuity to be given, in fines 
"* or premiums, at the time of admission. It 

* may, for instance, chuse to fix the annual 
^ payments of all the members to 6 guineas. 
** What, in this case, would be the premium 
** due at admission, the annuity being sup- 
^ posed ,s^30 per annum, and interest being 
'^ at 4 per cent P"' 

ANSWER. 

From the whole present value of tlje an- 
nuity in one payment, subtract the value of 

' By the Korthampttm Table, ^8.45, £9^By and 
^10.5. M. 

5 guineas 



t guitieiis pw atMum^ during the joint lives i 
.and tjie r<H<iainder will be the answer. 

SuppcMiig the joiat livea both 4Q» the 
whole present raltie of the annuity in one 
payment 19, according to the Brealaw Obser- 
Tatippst .s^lOKl^ by Quest. 1. — ^The value 
nf &. guineas p&^ annum^ or of £5.25 per 
annum, during two such joint lives, is 
^5,2^, multiplied by the value of the joint 
lives: that is, 6.25, multiplied by 9.82, or 
^51 .55 ; and this subtracted from ^loiA, 
gives ^49.55, the answer required for two 
lives at the age of 40. The answer found 
in the same way for two lives whose com- 
mon age is SO, is £46. 5, — and for two 
-lives at 50, ^50^- 

According to the London Observations, 
these values are, for two lives, at 80, 

^54,6.— At 40, ^$9.4.— At 60, dS63.3. 

If the first of the annual payments is to be 
made immediately, the true answer will, in 
every instance, be the values found in the 
manner now directed, diminished by the an- 
nual payment; or, in the present case, S 
guineas less than the values specified. 

The values, in single and annual pay^ 
ments, of any other reversionary annuity, will 
be as much greater or less than these, as the 
annuity itsdt is greater or less. 

^ These thrfe values by th« HoTthamp($n Table are 
if 49.76, jf 44,65 and ^53.05. M. 

.wou% C QiFESnON 



1 8 Quesiiotis. concerning 



• * 



QUESTION VI. . ..> ■■ 

** A person 36 yeare of age! wantg tb'biijr 
^ an annuity, for what 'may happen ' to re- 
" main of his. life after 50 years of age, 
** VHiat is the value of such an annuity ifa 
'^ ready money, and also in annual payments, 
"^'till he attains to the said age ; that, is, in 
** annual payments for* 15 years, subject in 
'^ the mean time to failure, should his life 
''faiir : 

ANSWER. 

The present value of such an annuity is 
the present value of a life at 50, in money to 
be received 1 5 years hence, and the payment 
of which depends on the contingency of th« 
continuance of the given life 1 5 years. That 
15; it is equal to the value of a life at 5o, 
multiplied by the present value of 5^1 to be 
received at the end of 1 5 years, and also by 
the probability that the given life will con- 
tinue so long, — A life at 50, according iq 
Mr. Da. Moivres valuation of lives, and 
reckoning interest at 4 per cent is worth 
fi.34 years purchase. The present value 
•f ^1 to be received at the end of 15 years, 
is, by Table I. Vol. 11. 0.5553. And the 
probability that ^ life at 35, will continue 15 
years, is, according to the Breslaw Observ^a- 
tions t44- '• And these three values, multi- 
plied 

'The prpb^bility that a given life shall continue any- 
nnuber of year^,. or reach a given age, is (as is well 
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plied by one another, give 4.44, or the 
number of years purchase that ought to be 
given for the annuity. — ^The annuity then 
being supposed 5^50, its value in present 
money is 56222. 

In order to find this value in annual pay- 
ments, wrhile the given life is attaining 50, 
it is necessary to find the value of an annuity 
^or 15 years, subject to failure on the ex- 
tinction of the given life. And the value of 
such annuity is, evidenriy, the last value 
subtracted from the value of the given life ; 
or. In the present instance, ^4.44, sub- 
tracted from ^13.97. (See Table VI. 
Vol. 11.) that is, ^9.53.-^222 then, 
being the present value of an annuity of ^50 
for the remainder of a life now 35, after at- 
taining 5o; and 9.53 being the number of 

knorni)- the fraction, whose mtfnerator is tlie number of 
the living 10 any Table of Observations opposite to the 
given age and denominator^ the number opposite to the 
present age of the given life. Thus, in the present in- 
stance ; 346 is the number in Dr* HaUejfs Table oppo* 
site tp 50, and 490 the number opposite to 35. I44 (or 
the odds of 17 to 7) »> therefore, the probability that a 
person whose age is 85 shall attain to 50, or live 15 years. 
In the same manner it will appear, that, according to the 
same Table; the probability that a person at this age shall 
live 25 years, is \\^ ; or nearly an even chance. 

At tforwich and Northampton a person at the same age, " 
has an even chance of Itvmg 26 years; but in London ^ 
scarcely 20 years. See Tables V. VUI. IX. and XVIL 
at the beginning of Vol. II. I will add, though foreigTi 
to my present purpose, that a person at the same age has 
In these towns a better chance of living one year, than 
in London, in the proportion of 3 to 2. 

C2 
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years purckase^ which ought to be given for 
an annual payment to last 15 years, if a life 
now 35 lasts so long, it follows that the 
value of the same annuity in annual pay- 
mentSf till this life attains fio^ is jB222 di- 
vided by 9.53 ; or ^23.3. 

This calculation supposes^ that the first of 
the annual payments is not to be made till 
the end of a year. If the first payment is 
made immediately^ the value will be» the 
single pcyment divvied by the value of the life 
for the given term increased by unity ; that 
iss, in the present case^ ^222 divided by 
10.53; or ^2l.o8». 

If the value of the annuity is required iii 
a single payment, over and above any given 
annual payment; deduct the value of the an* 
nual payment from the whole value in a sin« 
gle present payment, and the remainder will 
be the answer. — ^Thus, let 5 guineas, in the 
present instance, be the given annual pay* 
ment for the assigned term ; and let the en- 

* It never happens that the annual psvments are male 
In this manner — The usual, indeed the ^nvariaUe method 
is, to advance the first payment imsiediatelj, ao4 tl^ ffe«- 
mainlng ones at die beginmng of each of the following 
years ; so that the number of payments shall be equal to 
the number of years. — ^The smgle payment therefore 
ought to be divided by the value of the life for me mar 
less than the given term increased by unity \ benpe m2QSIi 
in the present case, instead of beiog divided by .^10.63, 
should be divided by j^lO.lS, (or the value of the lifi 
for 14 years increased by unity,) and omseqyently the 
annual payment will be ^^21.8,. which agrees nearly with 
the same payment found by the Northampton Table. M. 

quiry 
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qoiiy be» bow much mtirt in prtsent money 
the supposed auinuity ia worth. By what 
has been just said, Q.59f multiplied bj $ 
guineas, that is, ^SO is the value of the 
annual payment; and this sum deducted 
from ^222^ leaves ^172 the answer. 

If the annual payment begins iramediatelyt 
its value is io.58f multiplied by S guineas, 
and the answer oomes out ^lw.7fi -• 

In this way may be found the valuer in 
single and annual payments, of any other 
annuity, payable to an assigned life» after a 
grven term ef years, taking any valuation of 
Jtves or interest of opaney. But care must 
be tak^n to remember, that it is tht title to 
the annuitir that will coaunence at the end 
of the given term, and that the fiitst payment 
is not to be m^e^ till a year afierwards; 
that IB, ii) the case here specified, not till 
the end. of ijO years. 

SCHGMUM. 

The value of tht: remmnder o£ two joist 
lives, after a given term of y care, is. likewise 
the value of ^1 due at the end df the given 
term muhiplied by the value of two )oint 
Hves, each older by the ^ven torm than the 
given lives ; and this product, Budtiplied by 

* If liie payments are -confined to the- b^gigraii^ of 
each year, (See note, p^ge '20) 5 gpinef^ shotiTd be mul- 
tiplied intp 10.18, aiid tbe answer will theA be jt 168.55* 

It. 

^ the 
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the probability, that the giyen joint lives dia}] 
not fail in the given term ; or (which is the 
same) by the "prodtct of the two probabili*- 
ties, that the single lives shall each contiinie 
the given term. - And the value of an anr 
nuity, on any given joint lives for a term of 
years beginning now, is . this h^t value sub- 
tracted froDd the whole present value of- the 
joint lives. Thus; the vahie of tiwo joint 
lives, one 40 years of age, and the other 50, 
(see Table VIL Vol. 11.) is a^Ol ; which, 
multipUed by 0.676S, tl^e rvalue of .^l. :due 
10 years hence, and by ^^^i\he^ pvohahihty' 
that a life at 30 . shall contiiuae. 1 o years^ 
and also, by 444, (the probability that a life 
at 40 shall continue 10 years) give 3.92, the 
present value of the remainder of two joint 
lives, aged 30 and r4(i^^after lOiyeaurs; and 
this value, \substracted from l(L43, .'(the va- 
:lue-in Table VII*. iidd-'of two joint Hves, 
aged 30 and 40) leaves 6.51, their viaiuefor 
10 years. 

As the value of the longest of two lives is 
always the value of the Joint lives,, sub- 
tracted from the sum of the values of the 
•two single lives ; their value also for any 
given tetnty is the vaihie of the jmnihres 
-for the gwen terra, subtracted from the sum 
of the values of the sipgle lives for the given 
term. 

• ^The truth of these rules may easily ap- 
pear without particular proof. I have, 
however, pointed out the method of de- 
monstrating 
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. • •• • • • 

monstrating them in a note" at the end of 

this work. 

Bj similar, operations, may be found the 

values of three or more joint lives, or the 

longest of three or more lives, for a given 

tferm of years, or of what shall remain of 

them after a given term of years. 

QUESTION VII. 

^ The present value is required of an an- 

*' nuity to be enjoyed by oiie life, for what 

•* may happen to remain of it beyond an- 

^- other life, after a given term : that is, 

•sA " pfovidcd both lives continue, from the 

p/* present tipie, to the end of a given term 

-^of yekf5>^ 



J 



.1' 



I ANSWER. 

Tirfd'the value of the annuity for two 
lives greater, by the given term, of year^,. 
than the given lives. Discount this value 
foi^ the given term ; and then, multiply by 
the probability, that the two given lives 
^hali both continue the given term ; and the 
product will be the answer, 

EXAMPLE. 

• 

Let the two lives • be each 80. The term 
seven years.. The annuity £\o. Interest, 
4 per cent.---^ — ^The given lives, increased by 
7 years, become each 37. Thq value of two 



iee note (B) at the en\Gi Vol. II. 

joint 
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i*oint livefteach 87, is (by Tables VIL Voi 
!I.) io.25« Th^ value of a single tife at 
37p is (by Table VI; ihuL) JS-67- The 
former, subtract;ted from the Utt^r^ i$ 3.49^ 
or the value of an annuity for the life of ^ 
person 37 years of age» aner another of tbo 
same age, by Quest I, — B.42 discounted for 
7 years, (that is, multiplied by 0.76, the 
Value of ^1 due at d)e end of seven years 
by table \, Vol- XL) is 2 A— The proba- 
bility that a single life at 30 shall cbntiaue 7 
years^ is (by the hypothesis exph^ned ps^^ 
2:) tV^ ThjB probability, therefor^ that 

' • >' ..two 

* In this case, it is on some accounts hfi^ .as )¥e]l ai^ 
easiest, to take the probabilities of life from the -bypor 
thesis, rathef than immediately from the Tables. — Fifty* 
fix persons being supposed alire atSO, one will die every 
year, acc<nding tp tne hypothesis. At the ^^d of serea 
years then, the number of the living will be 49/ and ^1,^ 
or the odds of 7 ^'^ 1> *^y ^ note, p, 18, the proltabiHty^ 
that a life, a^d 30, will contmue 7 yean; «nd this im^ 
tion, mukipued I9 itself, is .the probabilitf^ that two 
lives of this age snail both continue 7 years. In genera], 
it must be remembered, that the probability, that any two 
or mon events shall ail happen, is the f^'odiiot afiafaig 
from multiplying by one aAOlner, the probabilities of aU 
the events taken separately. The probability^ therefore| 
that any number of persons wi|l qu live any given time, 
is rightly found by muitiptying itito one another the pro- 
bfd>ilities that each of them ^^1 Uve that time. It Aay 
further be of use to some, that. I should observe here,, 
that the difference between Uftity and the fraction ex- 
pressin,^ the probability that an eipent witt happen, gives 
the. prob^btlity tb^i it will V^^ fmppeis Thwi; ike pn>- 
bability, that a person 40 years of age will live 1 1 years, 
is, by the Breslciw Table, (or Table V. Vol. 11.) |||. 
The probability, 4heref(H'e^ that 4ie Witt tt!>MiVe 11 years, 

'■':'•' is 
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two each lives shall both co&tiaue 7 y^^n, 
is 4.^4, or^ in decimaU o.;6£. And 2*6» 
Qiultiplied by 0.765, is liQBQ, the nuaber 
of years pnrchase which Q«gbt to be giren 
for an annuity, to be enjoyed by a life now 
80 years of age, after a life of the same age^ 
provided both continue 7 years. The an- 
nuity then being ^10, its present viUue is 

Jfy similar op^rations> it may be found, 
that suppoduc^ the - tei^E one year, and the 
i^es and the ;^e of interest the s»m^ ti|e 
present vahie ^ tbe^saoie rever^on^fy an* 
nuity is ^82»4 ; and that if the term is 15 

years, the value is ii^.7^ 

For two lives eaob 40, t^esc^ vidufs 9fe 
4^30.33. — ^I7u44^ — ^#(^7.^, the term: b^mg 
1,7, or J5 ye«r»/ 

For two lives each M, the ; same yi^Iues^ 
for the same terms, are ^28.2 — ^13.86— 

These values, vaoccArding to the London 

is J^l subtracted from unity or HS* 1" ^^^^ manner: 
'the probability that two persons aged 30 shall 6otk live 
7 yeans being 0765^ the prcAafaility that they will mi 
both live so long, or that cne or other of them wQl die in 
7 years, is 0.7^5 aubtracted from unity, 6t .SdS. 

if any veader ia -unwilliBg to lake iheae assertions for 

S anted, he should consult the beginning of Mr. ,De 
owre'sy or Mr. Simpson's Treatises (m the Doetrine of 
Chances, where be will find tbem demonstrated* 

y By the Northampton Table jf 10.03, and the six 
Ibllowmg vahies by the same Table are j^SLOl, jf 17.B9, 
^7Jfy\3 ^28,66, <ifl4.3, and £AJS4. M. 

* See Note (C) at t£e end of Vol. II. 

Observations 
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Observations and Mr. Simpson's Tables of 
the-Vdfles of single and joint lives, are. 
For 2 ' Kves at 3o — /.32.05 — /.i 8.62 — L7J66, 
' '■^9t4it^l.so.7 — Lis.6 — LSAs: 

at 60f-/.29.86 — /.12.3S— /.3.24. 
QUESTION VUL 

* " Let- the scheme of a society for granting 
'* annuities to widows, be, that if a member 
'< lives a year after admisision, his widow 
** shall be entitled to a life annuity of ^20. 

* If iwen years, to a^io mwe, or ^80 in 
^ the .whole. \i ffteen years, to another. 
*• additional ^lo^ t* ^40 in *he whole. 
^ What ought to be the annual payments of. 
"Ihein^bers for the ages of 80, 40, and 
"-M^- supposing them of thte same ages 
'' with their wives, and allowiiig ' compound^ 
^ interest 4t^4^ tete/ r 

ANSWER. 

According to the hyp^theiisy explained 
p. 2 ; and, therefore, very nearly according 
to the Tables of Observation for Breslaw 
and Niyrwkh, or Tables Y. and VUL at the. 
beginning of Vol. IL 

^8.44; ^8.69; 5^9 05. 

According to the London CNiservationa. 
^9.41; ^10.17; ^10-92\ 



* According to the'Northampton Tgble jf8.d4 ; j^.91 ; 
£dA4^ .M. 

These 
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These values are easily deduced from the 
values in the last Question. For example.' 
The value of 5^10 per annum for life to 40 
after 40, provided the joint lives do not faM- 
in one year, is> according to the hypothesis,^ 
^30.33. The value of £20 per annum, 
in the same circumstances, is therefore 
^60,66. In like manner, the Value of* 
^10 after seven years, is ^\7AA. And 
of dBlo after 15 years «^7.3. These values 
together make ^85.4, or the value of the 
expectaldon^j descrihed in. this Question, in 
a single present payment ; which, divided by. 
g.82, the value (by Table YII- Vol. 11.) of 
two j<»nt lives at 40, gives ^8 .69, the va* 
lue.of the same expectation in annual pay^^ 
ments, during the joint lives. In the same 
manner may be found the answer in all cases 
to any Questions of this kind 

These calculations .suppose, that the an-». 
nual payments do not begin till the end of 
a year. If they are to begin immediately, the 
true annual payments will be, as was before 
observed, the single payments, divided by the 
value of the joint lives increased by unity ; 
and in the present case they will be, by the 
hypothesis, 

£7^75\ ^7-9; ^8.07. 
By the London Observations, 

ig8 . 5 2 ; 5^9.06 ; ^9.5 1 \ 

■ 

^ By the Nortliampton Observations ^7.66, ifS.OD, 

6 By 
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By the method of calculation now ex- 
plained may be easily found in all cases, 
supposing die annual payments previously 
settled^ what are the reversionaiy- annuities 
corresponding to them in value*. Thus, the 
annuities being the same with those men- 
tioned in this Question, the mean annual 
payments'for all ages between So and 50, 
are nearly ^8 according to the highest pro- 
babilities of life ; £q accOTding to the lou>* 
est; and 8 guineas the medium^: interest 
bdng at 4 per ce$it. and the fust payment to 
be made immediately. 

If the mean annual payments, beginning 
immediately, are fixed to five guineas, the 
corresponding life annuities will be nearly 
(by the hypothesis) ^12, if the contributor 
lives a year, and ^^24 if he livos seven yeaiB; 
or (by the London Observations) dBl2 if he 
lives a year, and ^&2o if lie lives seven 
yeai«^4 

. ' It- 

. • 

. "^ The value it this eipectation, supporiog married 
men 40 years o{ age, and their wives 30, is, m a single 
payment, ^U3. In annual payments beginning imme- 
diately, jeSMSf by the hypothesis. And i^lO/^-^^nd 
jfIO.93, by the London Observations, (i) 

(b) By the Northampton Table jf 1 16A and if 10.13. 

M- 

' If the annuities in expectation OTe j£^14 provided a 
member Uvea a year, and ^£"20 provided he lives seven 
years, the proper mean single payments for all ages, taken 
one with another, under 50 or 52, is 50 guineas nearly, 
according to ail the Tables of 'Observation, supposing 
eqtmlity of age between men and their wives. And the 

liddition 
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It is bbServabl^ that the 4i|ference in the 
values of tl]|e aimuities, arising from differ-* 
ence of ages and the difference in the pro- 
babilities of life, is less in this Question than 
in Question IV ; and that, consequently, the 
plan proposed in it, is the safest, as well as 
the most equitable and encouraging, that a 
society can adopt. 

It is necessary to remark here further, that 
yearly payments which begin immediately, 
are more advantageous than half-yearly pay* 
ments which begin immediately. In an Essay 
published in the Philosophical TranMctiom^ 
Vol. LXVI. p. 109, and inserted in the 
latter part of this volume, I have shewn 
that in the case of life-annuities, haif-yearly 
payments which begin at the end of half a 
year, are nearly a jifth of a year's purchase 
better than yearly payments which begin at 
the end of a year. And it is manifest, that 

apdition which ought to be m^de, on account of excess 
•f age OB the auui's siiie, i% taking the nearest and the 
easiest round sums, about a guinea and 4^ for every year 
is far as 17 years; or, in the annual payments, (sup- 
posed 5 guineas) ^ a guinea per annum for five years ex- 
ees^ and \ a guinea more for every four years excess 
l^yond five years, till the excess comes to be 1 7 years. 
Andy I believe^ that 60 guineas in single payments^ and six 
guiiieas in armual poffnenis beginning immediatdy^ may 
very well be slated as the hwesl anmnom payments proper 
to be requtfedj supposing all married men und^r 52, taken 
into a society, witnout inquiring into the diflbrence of 
age between lAiem and their wives^ the annuities being 
all along supposed to be life annuities, and interest radsoncd 
at 4 per cent. 

half- 
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half-yearly payment^, which begin immedi- 
ately, tare no more than hAlf a yearns pur- 
chase better than those which bi^n at the 
end of half a year. But yearly payments, 
which begin immediately, are a whole yenrs 
purchase better than the same payments to 
begin at the end of a year. The difference 
of value, therefore, between yearly and half- 
yearly payments, supposing both to begin 
immediately, is three tenths of a years pur- 
chase in favour of the former. The whole 
of this subject may be seen accurately stated 
in the essay just referred to. 

QUESTION IX. 

'* The value is required of an annuity to 
" be enjoyed for what may happen to re- 
** main of one life after another, provided 
** the life in expectation Continues a given 
« timer 

ANSWER. 

Find by Question VI. the present value of 
the annuity for the remainder of the life in 
expectation, after the given time, and multi- 
ply this value by the probabilit}^ that the 
Qther life shall fail within that time. Fin4 
also by Question VII. the value of the rever- 
sion, provided both lives continue the given 
time. Add these values to one another, and 
the $um wiU be the answer in a single present 
payment. 

EXAMPXE. 
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EXAMPLE. 

An annuity of £io for the life of a person 
now 30, is to commence at the end of 1 1 
years*, if another person now 40, should 
be then dead ; or, if this should not happen, 
at the end of any year beyond 1 1 years in 
which the former shall happen to survive the 
latter : What is the present xvXne of such an 
annuity, reckoning interest at 4 percent and 
taking the probabilities of life as they are in 
Dr. Halkys Table, or Table V. at the begin- 
ning of Vol- II. ? 

The value of ^lo per annum, for the 
remainder of the life of a person now 3o, 
after 1 1 years, found by Question VI. is 
j£6qa3. The probability that a person 40 
years of age shall live 1 1 years, is, by Dr. 
Hatleys Table, 4U- The probability, there- 
fore, that he will die in 11 years, is |.^ 
subtracted from unity ^, or 444- J which mul- 
tiplied by ^69.43, gives i?l7.i6. The 
value of the reversion, provided 60M live 11 
years, found by Quest. VII. is ^]7%23. 
And this value added to the former, makes 

^ That is, the title to th^ annuity is to commence at 
the end of 1 1 yean, and the first payment to be made a 
year afterwards, in case the life in esLpectatlon sbouid 
continue so long, and the other f^il. JBut if loth lives 
should continue the given te,rm, , the first payment is 
always to be made at tlie eDd.4)f the year, in which the 
former life shall hapoen to survive the latter. See 
Quest VI. 

' See the Note, p. 24. . ' 

^34.39 
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dS34.zg the value required in a single pri^ 
sent payment; which payment divided by 
^11.43, (the value by Table VIL Vol. II. 
of two joint lives, aged 30 and 40, with 
unity added) gives ^3«; or the value re- 
quired in annual payments during the joint 
lives, the first payment to.be made immedi* 
ately. — ^If, every thing else being the same, 
the assigned term is 15 years, the value re- 
quired will be £2g in a single payment y and 
£2.&5 in annual payments. 

QUESTION X. 

** What money in hand, or in annual 
** payments during life, ought a person of 
^'^ an assigned age to give for a sum of 



^ See the deownstnidon* of this rule in Note (D) 
VoKII.(c). 

(c) This demonstration is derived from Mr. JDe Moivre^s 
hypothesis, aM therefore I have'added in the note abore** 
meutioned another demomtratiofi founded on the reid 
probabilitiea of life, from which the following rule w 
obtaiiiedi which ig rather more concise than the rule 
fK-en by Dr. Price.—" Find by Quest. VI. the value of 
^ the annuity for the remainder of the life in expectatlaii 
*< after the given time. Pin,d also by the Scliolium to 
*^ the same Question the value of the annuity fur the 
•* remainder of the two Joint lives after the given time* 
^ The latter subtracted from the former will be the value 
** required.*— *Thus; the value of an aimuity of j^lO on 
a life of SO after 1 1 years is jf 69.49— the vahie of th^ 
like annufty during the remainder of two joint lives aged 
SO and 40 after 11 years is j£45.08. Subtracting this 
latter sum ftt>m the fomer we have j£^S4.S5, as given 
above, for the value required. By the Nurthamptm 
Table the value of this anHu^jr ia £33.77. M • 



mohey^ 
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** money, payable at Kis death to his heirs'*? 
*^ In other words, what money in hand, or 
'^ in annual payments during life, ought a 
*' person of a given age to pay for an assu- 
" ranee of any given sum on his life?" 

ANSWER. 

, Subtract th* value of the life from the 
perpetuity. Multiply the remainder by the 
prodttct of the given sum into the interest of 
^100 for a year: and this last product, di- 
vided by ^100 increased by its interest for a 
year, will give the answer in a singie present 
payinent And this payment, divided by the 
value of the life, will, give the answer in 
annual payments, during the continuance of 
the-life. 

Example. Let the life be ao. The smri 
isSlOo. The valu^don^' of lives, that in 
Table VI, Vol. 11. and the rate of interest 
4 per cent. The peifpetuity, tihereforeS is 
25 . The interest of ^ i oo for a year is s(?4 ; 
dSloO, inereased by its interest for a year, 
is ^104. . And the value of the Hfe 14.68. 
The value of the life, subtfected ifrom the 



Quettioa is iht sftttie with' Problem l^h, in Mr. 
De Mowre^s Trendye on Anniijtic^, and Problem 26tb, 
iu Mr. Simpson's Select £xercises; but the answers there 
given are right only when applied to reversionary estates, 
and theiefore must be materially wrong when apJ^Hed to 
reversionary sums, as will appear from the Scholium to 
this Question, and from Note (£) at the end of this Vol. 

^ That is \ the value of the fee-simple of an estate 
found by dividing ^ 100 by the rate of mterest. 

VOL. I. I) perpetuity 
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perpetuity, gives 10.32^ whichi multiplied • 
by the product of ^l oo into 4, or by «400, 
gives 4128. And this, divided by 104, 
gives a^39.7, the value of ^loo, paj^ble 
at the death of a person aged 3o, in a single 
present payment — And this payment, di- 
vided by 14.68, is 4^2.7, the same value in 
annual payments during the continuance of 
the life. 

These values found in the same way agree- 
ably to the valuation of lives for Lond(m, in 
Table XL VoL IL are ^45.76, and diSAg. 
If the life is 36, and interest 4 per cent these 
values are ^43, and ^3A^ by Table VI. 
Vol. IL and ^4.1, by Mr. Simpsons va- 
luation of lives for London in Table XL — ^If 
interest is reckoQcd at 3 per cent, the sam<$ , 
values are, by De Moivrea valuation of lives, 
for 30 years of age, ,^48.14, and 2.86 — 
For 36 years of age, 5t.43, and is^3.28^ 

It appevs bere, that difierence of interest 
makes no con»derable difierence in the an- 
swers to Questions of this kind, except when 
the values are required in a single payment. 

If the first of the annual payments is to be 
made immediately, the single payment is to 
be divided by the value of the life, wifli 
unity added to it, ^reeably to what has been 
already observed; and the annual payments 
in this case (interest supposed at 4 per cent) 

" These values by the Northamptm Table are Ji47.B 
fend JPHJBi, and £51JS6 and 4^9.26. M. 

wUl 
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will be by Mr. De Mwvre's valuation of lives 
(or Table VL Vol. IL) for a life at 3Q, 
j£2.5S— At 36, .£2.9. 

If the payments are half-yearly payments 
beginning immediately, the single payment 
must be divided by the value of the life in- 
creased by seven tenths, (see Otuestion VIII. 
page 29.) And the half-yearly payments, 
for tfie age of 86, will be half 2.96, or 1.48. 
And half 1.48, or .74, is likewise nearly the 
proper quarterly payments. 

Again ; if an annual payment, banning 
immediately, of «£*2.9, ought (reckoning in* 
terest at 4 per cent.) to piu-chase £\Q0 pay- 
able at the failure of a life now 36 ; £5, by 
the rule of propoi^ion, ought to purchase 
£172. And in like manner, it nlay be 
found, that the same annual contribution, in 
half-yearly or quarterly payments, beginning 
immecfiately, ought to purchase £170. — ^ 
These sums, according to the London Obser- 
vations, are <£i32 and a£'l30 nearly. 

The reason of mentioning these particu- 
lars will be seen in the next chapter. 

SCHOLIUM. 

If the reversion is not a sum, but an ^n-' 
nuity for ever, or an estate in fee-simple, to be 
entered upon after a given life, its present 
value, in a single payment, will be " the value 
*' of the life subtracted from the perpetuity^ 
'* and the remainder multiplied by the an- 
•• nuitjr^ or tlie annual rent of the estate.'* 

D2 And 
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And tbe_Talue> in annual payments, wiKlie, 
aa before, the single payment divided by the 
value of the life. Universally, It ought to 
be remembered, tliat a-reveraionary estate, 
after any given life or lives, is worth aa 
much more than a corresponding reversionary 
sufUp as <£loo^ increased by its interest for 
a year, is greater than <£ioo. Thus, the 
present values', in single, and annual pay«* 
raents, of J}4 per annum for ever, and of 
«£i 00 in money after any ass^ned life, are 
to one another^ (interest being -at 4 per cent.) 
as 104 to lOO, or 1*04 tx> one. The teason 
of this di&cence is, that the cakulations 
suppose, tbat the reversionary sum^ .'and the 
first ycarjy rent of the estate, or first pay- 
ment of the annuity, are tO' be received at 
the same time, after the extinction of the 
lives in possession. It is easy to see, that 
this is ft .icircumbtance which mu9t male the 
latter of.most .vahie.> But to prevent any 
doubts about it^ I shall explain it more' par*. 

ticularly in a note in the Appendir'; 

« 

QUESTION XI. 

^A person of a given age, having a 
"yearly income which will fail with his 
^ Jife, Wants to make provision for another 
•.person of a given age> in case the latter 
^jshould happen to survive. What ought 
^' the former to giye in a single payment, 

( Vid. Affendb» note (E) at th« epd of t)u$ y<;linoe. 

"or 
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'^ or in annual payments during their joint 
" lives for a given sum, payable at his 
•* death to the latter?" 

It is manifest, that the value of the given 
sum in this case, must be less than in the 
case stated in the last Question; because, 
here the payment of it is suspended on the 
ctetingency, that one life shall survive ah* 
.other ; whereas, in the other case, it is cer^ 
tainly to be paid at the &ilure of a giveti 
life. 

ANSWER. 

Find, by the solution of Problem XXXIL 
p. 2g7, Mn Simpsons Select Exercises, the 
value of an estate, corresponding to the given 
sum, and depending on the given survivor- 
ahip. Divide this value by ^1, increased 
by its interest for a year, and the quotient 
will be the value of the given sum in a single 
present pa3anent. And the single payment, 
divided by the value of the given joint lives, 
will be the answer in annual payments 
during the joint lives. 

The solution I have referred to is as fol- 
lows: 

*' Find the value of an annuity on two 
** equ41 joint live8> whereof the common age 
" is equal td the age of the older of the two 
'* proposed lives; which value subtract from 
" the perpetuity, and take half the remain- 
" der. Then say, as the expcctHtion of the 

♦' duratiofi 
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'* duration of the younger of the two lives 
^' is to that of the elder, so is the said half 
*' remainder to a 4th proportional, which 
*' will be the number of years purchase to 
*' be given for the estate when the life in 
*' expectation is the oldest of the two. But 
** if this life is the youngest, then add'the 
*' number of years purchase just found to ^ 
*' the value of the joint lives, and let the 
*' sum be subtracted from the perpetuity, 
^' and you will also have the answer in this 
^' case*"/* 

Let 

^ Mr. Simpson has given the following f xamples of 
this solution, adapted to London lives :— ^Example L 
^^ Suppose the age of the expectant to be 40, of the pq^ 
** sessor 30. The rate of interest 4 per oeni^ and the 
*' given legacy ^5000 or i6*200 per annum* Then the 
" value of two equal joint lives of 40, being 8.1, (sec 
*< Table XII.) and the perpetuity 25, the remainder or 
*^ difference will be here 16«9; whereof the half is 8.45. 
« Therefore, it will be as 23,6 to 19,6, so 8.45 to 7,02 
*^ years purchase, or if 1404, the required value." 

Example IL ^' iiet the age of the expectant be SO, of 
<^ the possessor 40, and the rest as in tne preceding ex> 
<^ ample. Here the value of the joint lives 30 and 40, 
** will be S.8 ; which added to 7*02, (found above) the 
*^sum will be 15.82; whence the answer, in this case, 
•* is 9.1 8 years purchase, or ji 1 836.*' 

I have shewn, that the values of reversionarv estates, 
and reversionary sums, are not the same as is here sup^- 
posed. The rule gives the true value when applied to 
the former; but, when applied to the latter, tne values 
given by it must be divided by j£\ increased by its inr 
terest for a year, as above directed. The same observi^- 
tion is to hie applied to Mr. Simpson*s next Problem, or 
the sad. 

In these Examples 23.6 and 19.6, are the expectations, 
.ia T^ble ^ of SO and 40^ iic(x>^g to the Losadon Tii« 
'a blea 
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Let the life in expectation be SO; and the 
other life 40: The suin> ^100. Interest^ 
A per cent. The valuation of lives, Mr. De 
Moivres, or that in Table VI. Vol. 11. 

The expectation of the first life^ is 28 ; of 
the second life 23, by Mr. DeMoivreshypth 
them. The value of the joint lives is ^ 0.4 3 . 
by Table VII. Vol. II. The value of two 
joint lives, both 40, b 9.82, by the same 
Table. The estate corresponding to ^loo 
is d£4 per annum, and the present value of 
such an estate to be entered upon by a per- 
son 30 years of age, provided he survives a 
person 40 years of age, is, by the rule just 
quoted, ^33.32. And this value, divided 
by ^1, increased by its interest for a year, 
or by 1.04, is £Z2.QZ, the value in a single 
present payment of the sum of ^loo, de- 
pendent on the given survivorship. And 
this single payment divided by 10.43, is 
«£3.07, the required value in annual pay-- 
menis, during the joint lives, if the first 
payment is not to be made till the end of a 
year. But if the first payment is to be made 
immediately, the required value in annual 

blesof Ohseivation ; and the method of finding them for 
any age, and from any Tables of Observation, is ex- 
plained at the beginning of the first Essay. 

In Mr. De Moivre*s hypothesis, tlie expectation of a life 
is alwavs haff the eompjement. See note, p. 2. Some- 
times the complement of a life is mentioned without any 
view to Mr. De Moiure^s hypothesis, and it then means 
double the expectcUlon of the life, whatever that may be, 
according to any Table of Observations. 

payment$ 
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pAymenti will be i3@82.od>. divi<kd bj 11.43, 
or ^3.6. These .yalues, according to the 
London pbservations, or Mr, SimpmrLS Ta- 
bles f9ut)de4 upon tbem^ are i^35.do, in a 
iingle p£ttftnent; and ^a .6, in annual pay- 
ment$y beginning inimediately. 

IVfn Simpson, in the Problems following 
that here queued, has ^ven solutions of most 
other Questioner concerning the values of 
reversions depending on survivorships, where 
the whole, duration of tv>^o or three lives is 
concerned* And I am acquainted with no 
other solutions of these Questions, which are 
applicable to all Tables of Observations", and 

which 

" The solutions of this and tlie following Question 
were certainly the most accurate of all that had been 
given previous to the fifth edition of thi3 work. About 
three years before that edition was published, more correct 
solutions of these Questions were communicated by my- 
self to the Royal Society, and published in the 77th 
volume of the Philosophical Transactions. These being 
derived from the real probabilities of life, depend on no 
hypothesis;^ and give tne exact values in all cases ; while 
the solutions of iMr. Simpson, though applicable to any 
Table of Observations, are deduced from the escpeciations 
of life, and therefore can be regarded only as appr^xma'- 
tiom, even where they happen to be most accurate. In the 
earlier and latter periods of life, however, they are much 
too incorrect for use ; nor can it indeed be ever necessary 
to have recourse to them, since the exact values may be 
obtained with little or no difficulty from the solutions 
above-mentioned. The general rule for determining the 
value of tlie reversion in the present Question may be 
expressed as follows : " I^ct F represent a life one year 
" younger, and P a life one year older than B. MuUi- 
•* ply the value of an annuity on the loint lives of A P, 
^ increased by unity, into the probability that B lives a 
1 ** year. 
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Mdbich at the same time (proper regardbein^ 
paid to the correction explained in . the last 

Question) 

^'year. • Multiply the difference between the (lerpetui^ 
*^ and tbe value of an annuity on the Joint lives of A fi 
^' into the interest oS £\ tor « year. Add these two 
^ products together, let their sum be divided by j^l, ia- 
^ creased by its interest for a year, and reserte the quo- 
^f tieot. Divide the value of an annuity on the joiift 
<^ lives of A F^ by the probability thai F lives a year.-««" 
"Subtract this from the reserved quotient, and th^ 
^remainder being multiplied into half the given sum 
^* will produce the vakie required, when B the expectcmt 
" is the oldest of the two lives.^ If B be the youngest^ 
the value w^l be obtained, as in Mr. Simpson*s rule, by 
subtracting the value of A's expectation, found above, 
from the wfwle value of the Reversion after the joint lives 
of A and B. 

EXAMPLE. 

Let it be required to determine the value of jf 100 
payable on the death of A, aged 224, should B, aged 67^ 
be then living, computing at 5 per cent, and from the 
probabilities of life in the Northampton Table of Obser- 
vations. In this case the ages of F and P will be. 66 and 
68 years. The value of an annuity on the joint lives 
of AP, by Table XXVUI. and XXIX. Vol. II. is 5.924, 
the probability that B lives a year is -[-|^!, 6.924, (or 
5.924 increased by unity,) multiplied into f^p pro- 
duces 6.550. The value of an annuity on the joint lives 
A B, (or 6.180,) subtracted from 20, the perpetuity, 
leaves 13.87, which being multiplied into .05, or the in- 
terest of ^1 for R year, produces .694. Adding this to 
the former product, and dividing 7*244, (their sum,) by 
1 .05, we have 6.899 for the quotient to be reserved. The 
value of an annuity on the joint lives of A F, (or 6.331,) 
divided by -f^^f (rf). (the probability that F lives a year) 
quotes 6.6/5, which being subtracted from 6.899, the 

reserved 

(cQ Or, which is the same thing, multiplied into f^f |. 
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Question) may be considered as sufficientlj 
corrects 

QUESTION Xn.^ 

'^ Suppose an institution for the relief of 
y widows to extend its assistance likewise 
*' to the families of married men, provided 
•' they leave no widows. Suppose, for in- 
*^ stance, that in this case children are to he 
^ entitled to ^loo. What is such an ex- 
" pectation worth, in present payment, in- 
•' terest being at 4 per cent f* 

ANSWER. 

If 40 is the mean age at which members 
are adgiitted on such an institution, and 32 
the mean age of their wives, the answer 
(supposing no subsequent marriages) is, by 
the 33d Problem in Mr. Simpsons Select £x« 
trcises, p/298, and the correction already 

reserved quotieDt| and .224, the remainder, being multi- 

1)Iied into 50, or half the given sum, we have i^ll.20, 
or tlie value required. If A liad been 67 and B 24, the 
foregoing value must have been deducted froiA 66*05, the 
v^hcde value of the Reversion after the extinction of the 
joint lives pf A and B, found by Question X. and the 
remainder, or ^^54.85 would have been the answer ia 
tliis case. These values agree nearly with the values by 
Mr. Simps6n*s rule. But if the difference of age between 
A and B is very great, or a Table of Observations is used 
in which the decrements of life are not so regular as in 
4he Northampton Table, the values hy Mr. Simpson^s rule 
will be found in many ca.ses to be one third wrong. M* 

• See the third Chapter, 

explained^ 
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explained^ ^13.80?^ taking the expecta* 
tions and values agreeably to Mr. De Mtmre's 
hypothesis* . 

But 



' This Problem and its solution are given by Mr. 
Simpson in the following words : *< A, and his heirs are 
'^ entitled to an estate of a given value^ upon the decease 
^' of B, provided B survives A ; to find the value of 
^ their expectation in present money.— Solution. ^ Fbd 
« '^ the value of an annuity on the longest of two equal 
^* lives, whereof the common age is that of the older of 
'^the lives A and B; which value subtract from the 
^perpetuity, and take half the remainder; then it will 
^^ be, as the expectation of duration of the younger of 
*' the lives A and "B, is to that of the older, so is the 
*' said half remainder to the number of years purchase 
*' required, wheft the life of B ti ike^older of' ike two. But 
^^ if D be the younger i then to the number thus fiiand, 
^ add the value of an annuity on the longest of tfie lives 
^* A and B, and subtract the sum from the perpetuity^ for 
'* the answer in this case." 

If the estate is 3^4 per annum, the age of B 40, and of 
A 30, interest 4 per cent., the answer by this rule comes 
out ^13.86, which divided (as in the preceding Question) 
by 104, gives ^£"13.32, the value, as above, of i^lOO in 
money. If B is 30 and A 40, the same value i^iff 15.71 • 

N. B. The value of the longest of the twp lives is always 
the difference between the value of the joint lives,' and the 
mm of the values of the two given mgk lives. Thus; 
the value of a life at 40, is, by Table Vl. Vol. 11. 13.2. 
The SUM of the values of two such lives is 2Q.\ The 
value of two joint lives, whose common age is 40, is, by 
Table VII. 9 82; and the difference is 16.58, or the 
value of the longest of two lives at 40. {e) 

{e) This rule, like the preceding one of Mr. Sknpsan^ 
being deduced from the expectation of life is equally in- 
correq^: and therefore, in most cases, it will be best to 
adopt the following general rule deduced from the Solu^ 
tion to wliich I have referred iq pag. 40. ^ Let F, as in 
^ the former question^ denote a life one year wmnger, and 
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But there is a reduction necessafy^ on ac* 
count of the chance there {&, that a widower 
may marry again. Suppose, therefore, one 
half of all widowers to marry a second and 
third time, and that two fifths of such wi- 
dowers 



^ P a life one year older than B . — ^Multiply the value of the 
^joim Iw^cS AP, iocreased by uaity, into the proba« 
^.bility that B lives a year. Subtract the differeDce be- 
^ tween the joint lives A B and twice the value of the 
^ ain^le life B from the perpetuity, and multidy the re« 
^ mainder into the interest of jf 1 for a year. Let this be 
^* added to the former product, divide their sum. by j^l in- 
^* creased by its interest for a year and reserve the quotknt. 
^ Divide the value of the joint liv^s A F by the probability 
^ that F lives a year— subtract this fiom the reserved quo- 
^ tient, and the remainder being multiplied into half the 
^ given som will produce the value required/ 



M 



EXAMPLK. 

Let it be required to detennine tiie value of ^100 
pmble on the death of B, aged 65, should that happen 
after the death of A aged 25, computing at 3 per cent. 
mod fiom tha probabilities <^ life at Northamp'orL The 
value of an annuity on the joiat lives AP by Tabl^ 
XXVIU. and XXIX. Vol. II. is 7-123 which being 
increased by unity and multiplied into -{{41 {^^ proba- 
bility that B lives a year, found by Table XVII,} pro- 
duces 7«72^* l"!^ value of an annuity on the joint 
lives A B is 7-370. — ^Tlie value of an annuity on tlie life 
of B by Table XIX. is 8.302, and the interest of £l 
for a year ijB .03 — ^The difierence between 7*57 ancl 
16.604 (or twice 8.302) being subtracted from 33.393, 
the perpetuity, and 24.099 the remainder fainltiplied 
into .03 produces .723, which being ad^ed to 7*7^^ the 
former product, and $.448, their sum being divided by 
1.0^ we have 8.202 for the quotient to be reserved. — 
The vahieof an annuity on the joint lives A F is 7*611, 
|he probabili^ dttt F lives a year is 44^|, the former 

divided 
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dowers survive these subsequent marriages. 
In this case, 4 added to 4 of 4., or, ^V of all 
vlho become widowers, will die widiout leav- 
ing widows, and therefone ^^ of ^13.8, or 
5E9.66, will be the answer. If only onejimrth 
of all who become widowers marry agmn, 
and two fitlhs of these survive, the answer 
will be ^11.73. 

This calculation supposes all marriages to 
leave children who survive their parents. If 
this is considered as uncertain, the values now 
determined must be diminished in the pro- 
portion of this uncertainty. Thus ; if one 
marriage in seven fails of leavi^ children^ 
that survive their parents ; these values will 
be reduced a seventh part, or to ^8.28, if 
half, and ^10.05, if a quarter of all wi- 
dowers marry. 

In this way may any other questions of Uie 
same kind be answered on any topp^^itiont 
that may be thought most reasonable. ' 

divided by the latter quotes (/) 7*984, which being 
•tibtracted from 8,202 the reserved quotient, and .218, 
the remainder, being multiplied imo 50, or half tbf givea 
tum, we have j^ 10.90, for the value oeq^ised* :Sup* j 
posing A to be 65 and B 25 years of 2M, the foregoing 
sum most be subtracted from 4\.^Bl, the whole value of 
the reversion after the longest of the two lives of A and 
B, and j^O.861, the remaindeir, will be dia vakie in this 
casd. M. 

^ This for many years has been nearly the £ict anoof 
die ministers and professors in Scotland* 

{/) Or, which u the same thing, muliipUed into 
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QUESTION Xm. 

^' Let an establishment be supposed which 
' takes in at once all the marriages in a 
^ country, or all marriages among persons 
^ of a particular profession within a given 

* district, and subjects them for perpetuity 
^ to a certain equal and common tax, or an- 
' nual payment, in order to proride life an<- 
^ nuities for such widows as shall result front 
^ these marriages. What ought the tax to 
' be^ supposing the annuity <£'20, and calcu- 
' lating at 4 per. cent from Mr. De Moivres 

* valuation of lives ?" . 



ANSWER. 

Since, at the commencement of such an 
establishment, all the oldest, as well as the 
youngest marriages, are to be entitled equally 
to the proposed benefit, a much greater nuni* 
ber of annuitants will come immediately 
upon it, than would come upon any similar 
establishment, which limited itself in the ad- 
mission of members to persons not exceed- 
ing a given age. This will check that ac- 
cumulation of money, which should take 
place at first, in order to produce an income 
equal to the disbursements at the time when 
the number of annuitants comes to a maxir 
mum ; afid, therefore, will be a particular bur- 
den upon the establishment in its infancy. For 
thiS| some compensatioo^ must be. provided ; 

and 
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and the equitable method of providing it^ is, 
by levying fina at the beginning of the esta- 
bliahment^on every member exceeding a given 
agp, proportioned to the number of years 
which he has lived beyond that age. But in 
the present question, it is supposed, that such 
fines cannot be conveniently levied, or that 
every payment must be equal and common^ 
whatever disparity there may be in tbe value 
of the expectations of different members. 
The fines, therefore, must be reduced to one 
common on^ answering as nearly as possible 
to the disadvantage I have mentioned, and 
payable by every member at the time when 
the estaUishfuent b^ihs., After this, the 
establisliment wi^l be the same with one 
that takes upon it a^JI at the time they marry ;. 
aod the tax or annual payment of every mem- 
ber adequate to its support, will be the annual 
paymient diffing marriage due from persons 
who marry at the mean age at which, upon 
an average, all marriages may be considered 
as commencing. — ^There are then two points 
to be h^re determined. Th^ fines necessary to 
be paid at first, according to the account I have 
^just given; and the constant unnual payment, 
necessary to be made by every member, as 
an equivalent for the expectation provided 
by the establishment — ^The fines to be paid 
at first are, for every particular member, the 
aame with the difference between the value 
of the expectation to him at his present age, 
«id what would have been its value to him 

• had 
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bad the scheme begun at the time he mar- 
ried ? Or, they are^ for the whole body of 
members, the diffii^nce* between' the valne 
of the common expectkdoni to persons at tl^ 
mean age of aJO. married persons taken toge^ 
ther as they exist in the 'world, and to per* 
sons at that age^ which is to be deeilied their 
mean age when they marry. 

Thus; let SS for the man, and 25 for the 
woman, be the mean ages cf all that marry 
anntially* Let also' 48 be the mean age of 
all the married men in the wdridiand 40 
of married women'. — -Now, he Ait' ^will 
calculate for th^ ages, in the raanne^ di- 
rected in Quest. IV. wiU find, that the value 
in an»fm/p^;^m6r//^diiring^marriage!, Midbe* 
ginning immediately, of Mthe exp<ictati6n of 
an annuity of .£20 per annum by i person 
25 years of ^e, after a life whose a^ is 33', 
is ^6.64.~And that <£8;04, is the vAhie of 
the same eippectatidn, the ages being 48 and 

40. ' 

The former, therefore, is the payttoent for 
perpetuity from every member of the esta- 
blishment; and the vadue of the difference be- 
tween it and the latter, or of£iA.permnn. 
payable during two joint lives, whose ages 
are 40 and 48, that is, <£i4.2, is the fine ne* 

' I must beg leave to refer to tote (F) in the Appendix, 
for an explanation of what I mean by the mean ages at 
married men and women, and abo for a confirmation of 
the answer I have given to tliis Quesdoiu 

cessary 
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cts^ry to be levied on every married mem« 
ber at the beginning of the establishment •. 

It would be easy to extend the benefit of 
^ch an establishment) so far as to provide 
;^loo for the children of members, provided 
they leave no widows ; and the necessary ad- 
dition on this account to the perpetual an- 
nual payments can scarcdy, in the circutn- 
stances this question supposes, be much more 
than about 1 5s. payable during life, and ex<^ 
eluding horn all benefit such as happen to 
be widowers at the commencement of the 

establishment, and do not afterwards marry. 

I ■ » • 

I^ i;i such an establishment, all persons 
of a particular denomination, whether mar*- 
ried men, widowers, or bachelors^ are sub- 
jected alike to the taxes and fines; they 
ought to be as much less, as the whole num- 
ber of petsons subjected to them is greater 
than the number of marriages constantly 
existing. 

In carrying these schemes into execution, 
there cannot be a more easy, or equitable 
way of raising the necessary fines, than by 
providing, that none shall be entitled to any 

* An annuity for ever, the first payment of which 
18 to be made immediately, is worth 26 years purchase, 
interest being at 4 per cent. jS\4.2 therefore is equivalent 
in value to i^O.55 or 1 1^. per annum, for ever. Add this 
to ji^6.64, and it will appear^ that ^^7.19 per anrnim, be* 
ginning imnvediately, is the answer to this Question, 8up«> 
posing the ralue ot tbe^^ie. to be profvided for in the pcr- 
netual annual payments. 

VOL. 1. E expectation 
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expectation for a few of the first years. . ThuSi 
an establishment, entitling widows to dBiO 
per annum for life, and consisting of 667 
married members, and 344 unmarried, al- 
ways kept up at an average, ought to begin 
with a capital of ^14.2 multiplied by 6679 
Of ^9471, besides one payment in hand of 
the constant annual payments. That is, (the 
proper annual payment of every member be- 
ing in this case, t^^tt multiplied by 5^6.64, 
or ^4.38) it ought to begin with a capital 
of ^13.899 over and above the payment of 
^4.38, at the end of every year for ever 
afterwards*. — ^The exclusion of all the first 
members from any benefit, unless they, sur- 
vive the first ttvo years, or live to make threff 
payments, would raise this capital nearly. 
And such an exclusion for three pr four 
years, would be an advantage so consider- 
able, that it would probably give. security 
and stability to the scheme for all subsequent 
time. 

In these observations, I have had in view 
some schemes which have been established 
in this kingdom ; but more particularly, one 
established by act of parliament among the 
clergy in Scotland ; of which I shall have 

^ Or, supposing the value of ^9471 (the fine) pro- 
vided for in the anilual payments, it ought to receive 
«very year, at the beginning of the year, a attribution 
'from eadi member of £A*7^. 
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occasion in the next chapter to take further 
iM>tice, 

I have chosen to calculate here only from 
Dr. Halleys Table, or Mr. De Moivre's //y- 
pothesk grounded upon it,because the Londoii 
Table is, by no means, adapted to the cases 
in view. 

It should be further remembered, that 
when the mean ages, at which marriages 
commence, are supposed to be 33 and 25, 
all second and third marriages are included ; 
and that it is to be expected, that almost all 
these marriages will begin after these ages ; 
and likewise, that a considerable proportion 
of the first marriages will begin a much lon- 
ger time after these mean ages, than any of 
the other first marriages will begin before 
them. — ^Pfobably, therefore, these mean ages 
should not be taken younger. One or two 
years, however, more or less, in every sup- 
j>osition I have made, will make no difference 
of any consequence. 

QUESTION XIV. 

" A person of a given age has an estate de- 
*^ pending on the continuance of his life for 
*' a given term. WTiat ought he to give for 
" having it assured to him for that termT 

ANSWER. 

From the value of an annuity certain for 
the given term^ found by Table U. sub- 
tract the value of the life for the given term, 

£. 2 found 
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found by Quest. VI. and reserve the remaitv* 
der. — ^Multiply the value of <£l due at the 
end of, the given term, (found by Table I.) 
by the perpetuity, and also by the probability, 
that the given life shall fail in the given term. 
The product added to the re^ervec/ remainder, 
and the sum multiplied by the given apnuity^ 
will be the required value of the assurance 
in one present payment". 

EXAMPLE. 

An estate or annuity of £lo for ever, wilj 
be lost to the heirs of a person novr 34, 
should his life fail in 1 1 years. What ought 
he to give for the assurance of it for mis^ 
term ? — ^That is ; What is the present value 
of such an annuity to be entered upon at the 
failure of such a life, should that happen in 
IJ years. 

The value of the life^ of a person whose 
age is 34 for 1 1 years, is, "by Quest.' VI. 
(reckoning interest at 4 per cent, and taking 
Mr. De Moivres valuation of lives) 7-7^; 
which, subtracted from 8.760^ (the value 
of an annuity certain for 1 1 years) leaves 1 
the remainder to be reserved. 

The value of £1 to be received at the end 
of 11 years, is, 0.6496, by T&ble I. Vol. 11. 
The probability that the life of a person, 
aged 34, shall fail in 11 years is, by Dr. 
Ualleys Table, i^^ ; and the perpetuity is 25. 

" S«e the demonstration in note- (G) attiie'^nd of diis 
volume. 

These 
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'These numbers multiplied by one another, 
and 1 added to the product, make 4.32, 
ivhich, multiplied by 1 o, (the given annuity) 
gives ^43.2, the required value in a single 
present payment. 

^43.2 divided by 1.04, gives •5641.54 
the true value (by Scholium to Question X.) 
of the assurance of an equivalent sum, or of 
^250 for 1 1 years on the given life*. 

Again 

^ The premium of asstirance for a giiren sum may be 
more easily obtained by tlie following rule : '^ Find the 
** value of the life for one year less than the given term. 
*' Let this value added to unity be divided by ^^1 in- 
** creased by its interest for a Year. From the quotient 
*^ subtract the value of the life for the given term^ and 
*^ the remainder being multiplied into the given sum will 
" be the value required." 

The equivalent annual payments, the first to be made 
immediately and the others at the beginning of each year, 
may be ibund^ " by dividiAg th« single premium by the 
*^ value of the life, with unity added, for oner year less 
^ than the given term." In the rules given by Dr. Price, 
in this question, and the scholium, the first payment is sup- 
posed to be made at the beginning, and the last at die ex- 
piration of the ierm. But this method of assurance is 
never adopted ; the annual payments being always made, 
according to the rule given above, at the banning of each 
year- 
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Let it be required to determine the value of an as«- 
surance of jf250, in single and annual payments, for a 
term of 1 1 years on the life of a person aged 34, accord- 
ing to the Northampton Table of Observations, and at 
4 per cent, interest. — ^The value of the life for 10 years is 
7^35, and 8^35 (or 7^35 increased by unity) being di- 
vided by 1.04 quotes 8.014; from which deducting 
7.85 1, (or the value of the life for 1 1 years) we have .1 63 ; 

which 
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Again 41.54, divided by 8.76, (the value 
of the given life for the given time with unity 
added to it) gives 4.74, the same value in an- 
nual payments beginning immediately, for 
11 years y, subject to failure should the life 
fail. 

SCHOLlUxM. 

In a similar way may the price of assu- 
rances on any tvs^o joint lives, or the longest 
of two lives for any given terms, be calcu- 
lated ; the rule being as follows : 

" From the value of an annuity certain 
for the given term, subtract the value of 
the joint lives, or the longest of the two 
lives for the given term, found by Srho- 
'^ lium to Quest. VJ. and reserve the remain- 
der. — Multiply the value of Xl to be re- 
ceived at the end of the given term by the 
*' perpetuity, and also by the probability 
that the joint lives, or the longest of the ttvo 
lives, shall fail within the given term. 
This product added to the reserved re* 
'* mainder, and the sum multiplied \>y the 
*' annuity to be assured, will be the value of 
" the assurance in a single present payment** 

wbich being multiplied into 250, produces jS40/Jh for the 
value of the assurance in a single payment. — And 40*75 
divided by 8.335 gives i^4.89 for the same value in an- 
nual payments to be made at the beginning of each year. 

M. 

y The last payment to be iiuide at the end of the 11th 
year; or 12 payments in all. 

EXAMPLE. 
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EXAMPLE. 

" What is the value of ^10 per annum, 
'^ to be entered upon, should either of two 
*^ persons, one 4o, and the other 30 years of 
'* age, die ili t^n years, reckoning interest 
'* at 4 per cent and calculating from Dn 
'' Halleys Table." 

. The value of two joint live3 at these ages, 
for 1 years, (found by Scholium to Quest. VI.) 
is 6.51 ; wtiich, subtracted from 8.11, (the 
value of an annuity certain for 1 o years, at 
4 per cent.) leaves l.6o, the remainder to be 
reserved. 

The value of s^l to be received at the end 
of 10 years, is .6755, by Table I. Vol. IL 

The probability, that the lives of one or 
other of two persons, aged 30 and 40, shall 
fail in 1 o years, is 4tt by Table V. ' And 
the perpetuity 25. These numbers, ^nul- 
tiplied by one another, and l .60 added to the 
prpduct, make 7.48, which multiplied by 10, 
(the given annuity) gives ^74.8, the an- 
swer in a single present payment. 

^74.8, divid^ by J, 04, gives 5^7 » .92, 
the value of the assurance of an equivalent 

■ 

* The probability tnken from the Table, that a per- 
son, aged 30, shall live 10 years, is f^f. That a person, 
aged 40, shall live 10 years, is |^|. That they shall 
loth live 10 years, is JJ|, nvultiphed by 44f> w -14?. 
That they shall rwt both live 10 years, or that one or other 
of them shall die in this time, is 44?, subtracted from 
unity, pr ^\\. See note p. 24. 
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sum; or of ^250; ^71.92, divided by 
7.5 1, (the value of the two joint lives for 10 
years v^rith unity added) gives 9.57, the value 
of the same sum in annual payments be- 
ginning immediately, for 1 o years, subject to 
failure should the joint lives fail. 

EXAMPLE 11. 

*' What is the value of ^10 per ann. to 
'' be entered upon, should two persons, one 
*^ 30, and the other 40, both die; that is, 
^* should the longest of the two lives fail in 
*M o years, reckoning interest at 4 per cent. 
" and calculating from Dr. Halleys Table ?** 

The value of the longest of the two lives 
for 10 years, (that is, the value of the joint 
lives for 10 years, subtracted from the sum 
of the* values of the single lives for 1 years) 
is 7.91 ; which, subtracted from 8.11, the 
value of an annuity certain for 10 years, 
leaves .20 the remainder to be reserved. — 
The value of ^l to be received at the end 
of 10 years, is, .6755. The probabiUty that 
the lives of two persons, aged 3o and 40, 
shall fail in 10 years, is, by Table V. ^W 
multiplied by ^^-^ or ^t444t 5 ^^^ the per- 
petuity 25. These numbers, multiplied by 
one another, and .20 added to the product^ 
make 740, which, multiplied by 10, (the 

* See Scholium to Question VL 

given 
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given annuity) gives 7.4, the answer in a 
single payment. 

7 Ay divided by 1,04, gives 711, the va- 
lue of the assurance of ^'250. 



REMARK L 

The values of single lives for given terms, 
when these terms are less than ten years, 
must, in answering these Questions, and also 
in answering the following Questions, be 
found true to at least* 2 or 3 places of deci-i 
mals- When they cannot be found to this 
exactness by any Tables, they must be cal- 
culated in the following manner : 

" Multiply the probability, taken out of 
** the Table of Observations, that the life 
*' shall exist J, 2, 3, &c. years, by the value 
** of £l due at the end of i, 2, 3, &c. years ; 
** and the sum of the products will be the 
" value of the life for l, 2, 3, &c. years.** 



For Example. The probability, that a 
person whose age is 34, shall live a year, is, 
by Dr. Halleys Table, ^|° . The probability 
at the same age, of living 2 years, is, 4^4 J 
3 years, ^-J.^ — ^^ multiplied by .9615, (the 
value, by Table I. of X'l due at the end of a 
year, interest being at 4 per cent) is, ,942 ; 
or the value of the life for one year — ^^44* 
multiplied by .925, (the value of <£'l due at 
the end of two years) is .891 . And this added 

to 
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to the former product, gives 1.833; or the 
value of the life for two years. — ^44- naulti- 
plied by .8890, (the value of ^1 due at the 
end of 3 years,) is .841 ; and this product, 
added to 1.833, makes 2.674, or the value 
of the given life for 3 years. 

When the term exceeds 1 years, the rule 
in Quest. VI. will give these values with suf- 
ficient exactness; and it would do the same 
in all cases, were the values of lives given 
true to 3 or 4 places of decimals^ and in 
strict agreement to the Tables of Observation 
used. 

The remark now made is to be extended 
to the values oi joint lives for given terms. 
For these values, like those of single lives 
cannot be found in solving these Questions 
with sufficient accuracy, (when the terms are 
small, and the values of lives are given only 
to one or two places of decimals) by any 
method, except the tedious one, of mul- 
tiplying the probability that the 2 lives 
shall both continue, 1 , 2, 3, &c. years, by 
the value of ^1 due at the end of 1, 2, 3, 
&c. years, and taking the sum of the pro- 
ducts in the manner just described. 

** Such tables are given in the present edition of this 
treatise ; and therefore this remark is now less necessary 
than it was. See the tables of' the values of single and 
joint lives in the next volume, deduced from the register 
qf mortality at Northampton, &c. 

i 

' REMARK 
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REMARK 11. 

If the annuity is to be entered upon, in 
(rase of the failure within a given time of 
any life or lives, at the eiid of that time; and 
not ai the end of the year in which the failure 
may happen; its present value will be the pro- 
duct ansing from the continual multiplication 
by one another of the perpetuity increased 
by unity, the value of ^1 due at the end of 
the giyeri time ; the annuity, and the probar 
1 bihty that the life, or lives, shall fail within 

the given time. And care should be taken 
pot to confound these two sorts of Questiona 
with one another. — ^Thus, the value in one 
payment of Eloper ann. to be entered upon 
deven years hence, in case a person aged 34 
should not live so long, \& 26, (the perpetuity 
increased by unity,interest beingat4per cen/.) 
multiplied by .6496, and by ^10 and also 
by i*!; or 34.8. — This value, divided by 
1.04, is 33.5, the value of an equivalent 
sum, or of £250 to be obtained on the same 
conditions. 

The value of the assurance of any annuity 
on the whole continuance of any single lite 
is, by Quest, X. the excess of the perpetuity 
above the value of the life, multiplied by the 
annuity. And in like manner; the value of 
the assurance of any annuity on the whole 
continuance of any two joint lives, or the 
longest of two lives, is the excess of the per-^. 

petuify 
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petuity above the value of the joint lives, or 
of the longest of two lives, multiplied by the 
annuity. This is very obvious ; but no ge- 
neral method has been yet explained of find- 
ing the values of assurances on lives and sur- 
vivorships for terms of years less than the 
whole continuance of the lives. For this rea- 
son, I have been here more explicit than I 
should otherwise have been ; and as such as- 
surances are now much practised, and may 
be very useful if their %^lues are rightly de- 
termined, I have thought proper to add the 
two following Questions, which, when join- 
ed to Question XL and Mr. Simpson's 3 2d 
Prohtem given in the note p. 38, will, I be- 
lieve, exhaust this subject as far as two Hves 
can be concerned, 

QUESTION XV, 

^' B, expectant, will lose a given sum, 
^ should he survive A, within a given time. 
f What ought he to pay for the assurance of 
** it r — In other words : " What ought he 
** to pay for a given sum to be received at 
*' the death of . A, should he happen to sur- 
^ vive him within a given time T ^ 

ANSWER. 

' l)ivide the sum of the decrements of life 
in the Table of Observations from the age 
of A,' for the given time,^ by the given time ; 
and, by the quotient^ divide the number of 

the 
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the living in the Table at the age of A ; and 

again^ by this second quotients divide the 

^vcn sum, reserving the third quotient, s 

Rnd the value of an annuity on the life 

of B, for the given time. To this v^lue ^dd 

the quotient y that will arise from dividing the 

value of an annuity certain, for the gjvej^ 

time, by twice the complement of the life of 

6 ; and the swn, multiplied by the reserved 

quotient, will be the required value in a single 

present ^payment*. 

•EXAMPLE 



* When the age of A is under 60, and th6*term^^ 
large as to exceed the difference between it and 7^^ It 
Wm be best, when the London Table is used, to'At^d^ 
the given sum, not by the second quotient here in^^h- 
dbned, but by the coniplementt or double the expectation 
of A. 

* See tiie demonstration of this rtole, and also of the 
rule that will be given for solving the next Questipp, in 
note^f) at the end of this volume. 

* The following rule derived from the solution ot the 
11th Plroblcm (see note G) is rather more' simple^' and 
is so far preferable fo the rule given tibove, as it has 
been obtained vvifliout the aid of Mr De MoivreCs hy-' 
pothesis, which it is best entirely to exclude from the 
doctrine of Survivorships. " Divide the sum of the dccrcr 
" meots of life from the age of A for the given time, 

by the given time multiplied into the number of the 
living at the age of A, and reserve the quotient. Let^' 
*' the vahie of the life of B for one year less than the 
''given term, with unity added, be divided by j€*l, in-' 
*' creased by its interest for a year. To the Quotient add , 
*^ the ralue of an annuity on the life of B for the given 
**term, multiply this quantity into the reserved quotient 
**and also into half the given sum, and the product will 
*^ be the value required." 

BXAMPLB« 
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EXAMPLE. 

Let the Table of Observations be Mr. 
Simpsons for London (see the Tables in the 
next volume). Let the rate of interest be 
3 percent. A, seven years of age. B, 30. The 
given time 14 years. The given sum ^loo. 
-;^The sum of the decrements j for 14 yean 



SXAMPLB. 

Let the respective ages of A and B be 7 a^d 30 yean, 
the given sum £ 100, the tenn 14 years, the rate of in- 
terest 3 per cenL and the probabilities of life as they are in 
th^ Northampton Table .^--The ^um of the decrements for 
14 ^rs from the age of 7 is SS5 : the number of persons 
llviog at that age is 5925, which being .multiplied into 14^ 
andj65 divided by 82950 (the product) we have .0104. 
for the quotient to be reseiued. The value of an annuity 
on the life of B for 13 years is 9.436, and 10.436 (oc, 
9.436 added to unity) divided by 1.03 (or ^1 increased 
by. its interest for a year) quotes 10.132; which being, 
added to 9.937} the value of an annuity on the life of B 
fprJ4 years, and 20.069 (the sum) being multiplied into 
.0104, (the reserved quotient) and also ftto 50, (half the 
given sum) we have 10.4 for the value required. — The 
same value by the London Table is ,i^ 11.94, or £\.2s* 
more than Dr. Price makes it to be. But it should be 
observed, that when the decrements of A's life for the 
given term are equal (as they happen to be very nearly b^ 
the London Table in tlie presait case) that the exact value 
of the reversion is obtained by this rule, and therefore 
that the value by Dr. Price^s rule in this mstance is one 
tenth less than the truth. This inaccuracy arises from ap- 
plying Mr. De Moiure's hypothesis to a Table of Obser- 
vations for which it is by no means suited. Had the 
Northampion^ or any other table been used, which agrees 
better with this hypothesis, the values by both rules would 
have been nearly the same. M. 

from 
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from the age of seven, is 75, which, divided 
by 14, gives 5.86. The number of the living 
at seven is 43o, which, divided by 5.36, and 
^100 divided by the quotient, gives 142^ 
the quotient to be reserved. 

The value of an a;inuity for 14 years on 
the life of B, is, by Quest VI. 9.54.— The 
value of an annuity certain for 14 years, is^* 
(by Table II. Vol. II.) 11.296, which dn 
vided by 94.4, (twice the complement o{ ib^ 
life of B,:by Table X,^ gives .12, which, added 
to 9.54, gives 9.66; and this' again multiplied' 
by 1.12, the reserved qwtknt, gives 10.82, 
the present value in one payment of ^loo, 
payable at the death of A aged 7, to B aged 
30, should A die and leave B the survivor 
within 14 years. ^^ 

The present value for 14 years of two joint 
hjfes, one 7 and the other 30 years of age, 
may be found, by the help of Table XII. and' 
the rule in the Scholium to Quest. VI. to be 
nearly 9 years purchase; and, 5^10.82 di- 
vided by this value with unity added, or by* 
10, gives 1.082, the foregoing value in aw* 
muil payinents during the joint Uves for 14 
years, the first payment to be made immc-* 
diately, and the last payment at the end of 
14 years, should the joint lives not fail. 

' This tabk gives the expectations only, but it shouH 
lie remembered, that twice the expectation is always the 
complement of a life. See note, p. 39. 

SCHOLIUM. 
1 
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SCHOLIUM. . 

It deserves particularly to be remembered, 
that in this method likewise may be calcu- 
lated, what sums ought to be paid on any 
survivorship, within a given time, of one life 
beyond another, in consideration of any given 
sum now advanced. — ^The following Example 
of this is a case which has offered itself in 
practice. 

**' A person, aged 3o, has in expectation 
** ah estate which is to come to him, pfo-. 
"vided he survives A minor, aged 7, before 
"he is out of his minority; that is, pro- 
vided he should be himself living at the 
time df the minor s death, should that hap- 
"pen before he is 21. — ^In these circum-^ 
" stances, he wants to borrow 5^1000 on his 
'5 expeotation. What reversion ovA} of the 
** estate depending on such a survivorship, is 
" a projpcr equivalent for this sum now ad-* 
" vanced', interest being reckoned at 3 per 
'* cent and the probabilities of life bein^ 
" supposed the same with those in Mr. Simp^ 
** sons Table of London Observations ?" 



4€ 



ANSWER. 

It appears from what has been just deter- 
mined, that for ^10.82 now advanced, the 
proper equivalent in such circumstances, is, 
^100 to be paid, in case the survivorship 
should take place; or, by the correc/io« in 

3 page 
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page 95» as much of the estate as ^loo 
will buy at 3 per cent, supposing the first rent 
to be received immediately; (that is> sup* 
posing the estate worth 34.33 years purchase) 
or ^2.912 per annum. — Hy the rule of pro* 
portion> therefore, for ^fiiooo the proper 
equivalent will be £q2A2 in money> or^269 
per annum out of the estate^ 

QUESTION XVl. 

'' ^100 will be lost to B*s heirs> should 
'' he happen to die after A« within a given 
" time. What is the price of the assurance 
" of it ? — ^That is : What is the present va- 
^' lue of ^100 payable at the death of B, 
^^ provided his death should happen after Ks 
'* death, toithin a given timef^ 

ANSWER. 

Divide the sum of the decrements of life 
in the Table of Observations from the a^e of 
B, for the given time, hy the given time; 
and by the quotient divide the number of the 
living at the age of B ; and again, by this 
second quotient^, divide the given sum, re- 
serving the third quotient. 

Find the value of an annuity on the life A 
for a number of years, less by one year than 
the given time, which subtract from the va- 

» Or rather, if the London Table is used, by the com- 
plemenl of the life of B, when his age is under CO, and the 
term exceeds the difference between it and 70. 

VOL. I. F lue 



66 Questions coficeming 

lue. of an annuity certain for the same num- 
ber of years. Multiply the remainder by the 
reserved quotient^ and divide the product by 
the amount of ^i for one year, and let this 
be a second reserved quotient. 

Again. Multiply into one another the first 
reserved quotient, and the value of an an- 
nuity certain for the given time ; and divide 
the product by twrice the complement of A's 
life. This last quotient, added to the second 
reserved quotient, will be the answer in a pre- 
sent single payments 

EXAMPLE. 



^ The solution of the 1 2th question (see note G at the end 
of this volume) affords an easier and in general a more'cor- 
rect method of determining the value of this reversion : 
^' Divide the sum of the decrements of life from the age 
'^ of B for the given time by the given time multiplied into 
" the number of persons living at the age of B, and re- 
** serve the quotient. Divide the difference between the 
*f value of tin annuity •certain, and the value of an an- 
'^ nuity on the life of A for one year less than the term, 
*' by if 1 increased by its interest for a year. Add the 
** quoti<;nt to the diflference between the value of an an- 
^ nuity certain and the value of an annuity on the life of 
^ A for the given term. Let this quantity be multiplied 
^* into XltiG. reserved quotient, and also into half the givea 
** sum, and the product will be the value required." 

EXABfPLS. 

Let the respective ages of B and A be 40 and 30. The 

9ini ^'100. The rate of interest 4 per cent. The term 20 
years ; and the probabilities of life as they are in the North^ 
ampton Table.—- The sum of the decrements of life in this 
tabic from the age of 40j for 20 years, is 1597, which, 

divided by 36*33 uiultiplied into 20 (or by the number of 

persons Kving at the age of B luulvlpiied into the given 

t.:;'ni^. gives .022 for the quotient to be rescfred, — The 

... « vriue 
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EXAMPLE. 

Let the age of B be 40. Of A 3o. The 
sum ^100. Rate of interest 4 per cent: 
The given time 20 years. The Table of 
Observations, Mr. Simpsons^ or Table IX. 
in the next volume. — The sum of the de* 
crements of life, in this Table from the age 
of 40 for 20 years, is 127, which, divided 
by 20, (the given time) gives 6.35. — ^The 
number of the living at 4o is 229, which, 
divided by 6.35, gives 36.06; and ^loo. 
(the given sum) divided by 36.06, gives 
2.77, the^r*^ quotient to be reserved. > 
- The value of an annuity for 19 years on 
a life at 30 years of age, is 10.45 ; which, 
flubtmcted from 13.134, (the value of an an* 
nuity ' certain for 19 years, by Table 110 

irtduc of an annuity certain for 19 years is 13.134.^ The 
Talue of an annuity on the life of A for the same time la 
11.134. llie difference, or 2, divided by 1.04 {ov £\ 
increased by its interest for a year) quotes 1.923. The 
Talue of an annuity certain for 20 years is 13.590. The 
value of an annuity on die life of A for the same term is 
11.432. The difference, or 2.158 being added to 1.923, 
makes 4.081 ; which, multiplied into .022, the reserved 
quotient, and also into 50, half the given sum, produces 
je4tA9& for the value sought.— By the Londm Table this 
value is £7'7h which agrees nearly with .the value by 
Dr. Price's rule ; and this will always be the case when 
the lives are between 20 and 50 years of age. But if one 
of the lives be very young and the other very old, this 
latter rule, when the London Table is used, will be found 
'\ exceedingly incorrect. If the computation, however, be 

made from the Northamptony or any other table agreeing 
better with Mr. De Moivre^s hypothesis, the values, as in 
Question XV. trill be neiurly tl^e same by both rules. M. 

1 F 2 and 
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and the remainder multiplied by 2.77, gives 
7.435. This product divided by 1*04, (the 
amount of ^1 in one year}^ves 7.15 ; the 
$e€ot$d reserved quotient. 

2.77 multiplied by 13.59,. (the vaitic of an 
annuity . certain for 20 years) gives 87.644; 
and this product divided by 94.4, (twice the 
aomplement of As life by Table X) gives 
SpQ, vrhich, added te 7.15, rives ^7-55 
i^ Answer; or, the v^luc of <^l 00 payable 
at tht death of B, on. the contingency of hi* 
siwvivitig A aged 3o, arid both dying in 20 
years. . . , 

It is plain^ that this is ; likewise the sum 
that ought to be. lent to B- now, on the ex* 
pectation of ^s^ioo^ ^t bis death^> provided %% 
should happen aftec A's< death, in. 20 years.* . 

This rule gives the just solution in all 
cases, except vt^henB, the expecta^nt, is the 
youngest of the two lives, and at the same 
time the term of years gfea/er tiian the com- 
plement of A^s hfe. In this particular case; 
the following rule must be used. 

Find, by the preceding rule, the value of 
the assurance of the given sum for a term o£, 
years^ equal to the complement of As. life» 
and let this value be rese^wed. Multiply by 
one another the given «///! ; the value of ^1 
to be received at the end of. a number of 
years equal to the complemeftf of As life ; 
and the value of an annuity certain for as 
many years as the girveq term exceeds this 
complement. . And the product , divided by 

1 the 
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the oomplement of B*8 life, and the fmlient 
added to the value reserved, will be the true . 
value sought 

EXAMPLE. 

Let the age of B be So; of A 40. The ' 
term 47 years; and every thing else as in 
the last Example. The complemeht of As 
life, is, by Table X. 39.2. The value of 
^100 to be received at the death of B, if he 
survives A within 39 years, may be found 
by the preceding rule to be ^16.1 5 ; the va- 
lue to be reserved — ^The value of ^1 to be 
received at the end of 39 years is, by Table 
I. .2166. The value of an annuity certain 
for 8 years, (the excess of the given term 
above the complement of the life of A by 
Table X.) is, 6.733. 

And these two values multiplied by one 
another, and by 56100 give 145.83; which, 
divided by 47.2, (the complement of the life 
of B) and ]6.l 5, added to the quotient, make 
^19.23, the value sought 

REMARK. 

As after finding the present value of ap 
estate, or annuity, it is necessary to divide 
that value by the amount of ^1 in one year; 
in order to find the present value of a sum 
equivalent to the annuity ; so, after finding 
the value of a sum, it is necessary to multi-' 
ply that value by the said amount, in order 

to 
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to find from it the value of an equivalent 
annuity. 

In the first example, therefore, the value of 
an estate of ^4 per annum would be ^7.85 . 
In the second example ^2o. And this is, 
as it ought to be, the value for the whole 
duration of the lives, agreeably to the Pro- 
blem in the note p. 38*. 

In 



* The value of a term, if it fall short of the difference 
between the age of B and that of the oldest life in the Table 
of Observations, cannot agree exactly with the value for 
the whole duration of life. Indeed it seldom happens that 
the value of an assurance (unless it be extended to the con- 
tinuance of both lives) is required for such a term as shall 
exceed the limit of A's life. If this case^ however, should 
occur, its solution may be, obtained from the following 
rule : ^' Find by the preceding rule (see note p. 66) the 
«< value of the assurance for a term of years equal to the 
^^ difiereuce between the age of A and that of the oldest 
' *^ Ijfe in the Table, and let this value be reserved. Find 
^* by Question XIV* the value of the assurance* c^ the 
*^ given sum on the life of B for the whole term, and also 
'^ for a term which shall be equal to the difference between 
" the age of A and that of the oldest life in the Table. 
^' Subtract the latter from the former ; and the remainder 
^^ being added to the value reserved will be the answer.' 
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EXAMPLE. 

Let the ages of B and A respectively be SO and 56. 
The term 48 years. ITie sum, the rate of interest, and 
the Table of Observations, the same as in the Example iti 
note page 66. — ^The difference between the age of A and 
that of the last life in the Table b 40. The value of <^ 100 
to be received on the death of B after A in 40 years is 
jf*17.13, which is the sum to be reserved. — ^Tlie value of 
an assurance on the life of B for 48 years, is 37*69. The 
value of the same assurance for 40 years is 35.06. The 
difference^ or 2.63^ being added to 1 7- 13, xh^%\xm reserved 

above. 
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• 

In solving this Question, care also must be 
taken not to forget the first Remark under 
the foregoing Question. 

In this chapter, rules have been given for 
finding the values of all assurances on single 
lives, and any two lives, or any survivorships 
between two lives, whether for terms, or 
their tvhole duration. In the same way rules 
may be investigated for finding the values of 
all assurances on any three lives, or any sur- 
vivorships between them. But this is a work 
of more difficulty, and which requires great 
attention and skill. I can, however, with par- 
ticular satisfaction acquaint the Reader, that 
it has been lately executed, in the compleatest 
manner, by Mr. Morgan, in his Treatise on 
the Doctrine of Annuities and Assurances on 
Lives and Survivorships K 

CHAP. 



above, we have i^l9.76 for the value required. — By Dr. 
Prices rule this value is j^I9.55. Had the assurance been 
extended to the whole duration of the lives, the correct 
value, would have been 21.59. — Hence it appears that al- 
though the term is rather longer than in the Example given 
by Dr. Price, yet that the value of the assurance is by no 
means the same with its value for the whole life. The 
difference, however, is in this case rather too great by 
both rules, but in neither of them is the error consider- 
able. M. 
^ These solutions to which Dr. Price refers, having been 
derived, like all which preceded them, from the expecta- 
ttan, and not from the reat probabilities of life, ai^ liable to 
the objections which I liave already noticed, (see note, p. 40). 
1 have, however, since the publication of the above Trea- 
tise, given correct solutions of all the Problems involving 
thr<;e lives in the survivorship; which the Reader may see 

in 
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CHAPTER IL 

Contaimng am Application qftht Quations in 
theforegoifig Chapter tQ the Schemes of the 
Societies in Great Britain, for making Ae^ 
mtrances on Uva and Smvivorships^ and 
far granting Annuities to fTidows, and to 
Persons in Old Age. 

SECT. I. 

Of the London Annuity, and the Laudable 
Societies for the Benefit of ff^idowsK 

X HE scheme nientioned in Quest, VtH. 
was nearly that with which the London An- 
nuity Society set out in 1/65. The Laud'- 
able Society was established in 1761, and 
formed on a similar plan. In both, the an- 
nual contribution of every member was five 
guineas, payable half yearly ; and for this a 
title was g^ven to an annuity of 5620 to every 
widow during widowhood, if the husband 
after admission, lived one year according to 
the^5/ scheme ; or three years according to 

in the several volumes of the Philosophical Transactions 
f<nr the yean 1789, 1791, 1794, and 1800; and the ge* 
neral rules, deduced from these solutions, are inserted at 
the end of this volume. M. 

' It must be remembered, that this section has in view 
the state of these societies in 1771> or at the time of the 
publication of the first edition of this tract. 

the 
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the'" second; of ^SO, if the husband lived 
seven years, according to both schemeis ; and 
^40 according to the first scheme, if he lived 
15 years, or 13 years, according to the seconds 
— In both schemes also, there was no other 
premium or fine required, than five guineas 
extraordinary, at admission, from every mem- 
ber whose age docs not exceed 45. The 
XrOW^aA/e iSoctefy admitted none above 45,and 
the London Annnuity Society obliged everf 
person between 45 and 55 to pay, at admis«- 
sion, five guineas extraordinary, for every 
year that he was turned of 45. 
» These were the main particulate in thft 
schemes on which these Societies were form*- 
ed; and, therefore, both of them, were the 
annuities to be enjoyed for life, received 
(supposing the members all under 46 at ad- 
mission, and of the same ages with their 
wives, and money at 4 per cent) but little 
more than three-fifths of the true value of 
the annuities ; or about one half, supposing 
wives, one with another, lo years younge* 
than their husbands ; as appears from Ques^ 
tion VIIL 

It appeal's further in that Question, tha^ 
supposing the annuities to be life annuities^ 
and men and their wives of equal ages» the * 



"* In this society a member \ivho lived but one year, wa^ 
entitled to no more than an annuity of £ 10 forhis widow j 
if he lived two years, to j^ 15 ; if he lived three years, to 
jff20; four years, ^£"25; seven yean^, £tO\ ten yean, 
4^35; thirteen years, ^40. 

expectation 
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expectation to which an annual payment a£ 
five guineas b^inning immediately, entitles, 
is nearly ^14 if the contributor lives a year, 
and ^20 if he lives seven years ", taking the 
medium between the London and the other 
Tables of Observations. . 

It is likely, that many persons will be very 
unwilling to believe, that these schemes could 
have been so deficient as they have been now 
represented. I will, therefore, epdeavour to 
prove thb in a way which, though less strict, 
is sufficiently dccisive,and may be more hkely 
to be intelligible to persons unskilled in ma- 
thematica] calculation. — I shall here confine 
myself to the scheme of the London Annuity 
Society. The differences betvreen it and the 
2tcheme of the Laudable Society are inconsi- 
derable, and what shall be said of the one 
will be fully applicable to the other. 

According to this scheme, as it has been 
just described, all that live 15 years in the 
society will be entitled to annuities of ^40 
per annum, for their widows. Suppose the 
whole society, at admission, to be men of 40 
years of age, taken one with another. A 
person of this age has an even chance of Iw- 
ing 23 years; and he has an even chance of 
continuing with a wife of the same age, (that 

"^ The same annual payment will, on the same supposi* 
tiona, entitle to j^ 14 if a member lives a year, and i^l8 
if he lives three years. 

is, 
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is, of continuing in the society) 13 -J years®. 
Not much less, therefore, than half the 
members will continue in the society 15 
years; and, consequently, not much leds 
than half the widows that will come upon 
the society will be annuitants of ^lo per 
annum. These widows, however, being 
older than the rest when they commence an- 
nuitants,wUl continue on the society a shorter 
time; and, therefore, the number constantly 
in' life together, to which they will in a 
course of years increase, will be proportiour 
ably smaller. Putting every thing as favour- 
ably as possible, let us suppose, that out of 
20 annuitants constantly on the society, fo^ 
will be annuitants of ^40^ six of s^So, and 
nine of ^20. To 2o annuitants then the so- 
ciety will pay ^560 per annum, or the 20th 
part of this sum, that is ^28 to eijery annui- 
tant at at) average. But such an annuity for 
a life at 40, after anothpr equal life, provided 
both survive one year, is worth, (by Quest 
VILp.230 in a single present payment, ^85 
nearly, according to the London, and all the 

^ This is the exact truth accoiding to Mr. De Moiwe^s 
hypothesis, and the Norwich Table. But accQrdiog to 
Dr. Halley's and the Northampton Table, a man 40 years 
of age has an even chance of living no more than '22 
years, and of joint continuance with a wife of the same 
age, IS years. — Forty must be more than the mean age of 
the members of the societv at admission, and on this ac- 
count the number of annuitants of 4^*40 roust be propor- 
tionably greater. The mean age, therefore^ has been taken 
very moderately. 

Tables 
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Tables of Observations^ interest being all 
along supposed at 4 per cent 

It cannot appear improbable to any one, 
that this should be the true value of such a 
reversion. It is not probable, that there is 
any situation in which the decrements of 
life are such as can make it a tenth part more 
or less. ^85 in present paym^iit is the same 
with ^3...8s. per annum for ever. — ^But is an 
annual payment of five guineas, which must 
cease as soon as either of two Uves each 40 
iails, equal in value to such a perpetuity ? 
Every one must see, that there is a great dif- 
ference. — ^A set of marriages between per-^ 
"aons all 40, will, according to the probabi- 
lities of life in Dr. Hcdkyt Table, last, one 
with another, 15 years ^; and an annual 
payment beginning immediately, during the 
joint continuance of tlie lives of two persons 
of this age^ is worth IG years purchase''. 

' See the beginDing of Essay I. 

^ The value of such an annual payment, by Table XII. 
or the LoTidon Observations, is 91 ; amd 10.8, hy Mr. 
De Moiure*s hypotfaesisB. — i have not taken into this ac- 
count the five gsxinessjine paid at admission, because it is 
obviously of top little consequence to make any consider- 
able difference. The allowances I have made m favour 
pf these schemes are more than equivalent to it. In par- 
jticular, ft should b^ remembered, that the calculations 
suppose, that the payments required by these schemes, are 
yearly paymetrts beginning imfcne£iltely ; (see p. 29.) and 
that the first payment of the annuity is not to be made 
' tiU the end of the year in which tlie husband shall die ; 
and also, that the annuity is to be paid yearly, and no* 
thing to be due for any part ctf the year in which the an- 
nuitant shall happen to die. 

The 
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The coa^mnsorr then, in tbe present e^se, is 
between j£3 ... 8^. per annum for ever, and 
five guineas per annwnfor 1 5 years; ot be* 
tween an annuity' of ^a...8«. wortb 25 
jears purchase^ and an annuity of five gat- 
aeas worth only l o years purchase. ^ 

But to throw this subject into another light;; 

Let the number to which the society is^ 
kept up be supposed to be 2oa It has been 
demonstrated in Quest IL that at least half 
this number of widows will in time coine te 
be constantly on the society ; and it has also 
been just now shewn, that the medium of 
annuities pa^^able to them^^'Wili be at least 
^2 a Aftef a course oi years^then^ tbe so- 
ciety will Rave a constant expence to bear of 
^26oo per anmim. — But what will be its 
income ? — In order to determine this, we 
must consider, that there arc two sources 
from whence its income will be derived- 
First, the annual payments of the members. 
And, secondly, the money accuimilated^ or 
the oapitcd raised during the time the number 
of annuitants is coming to a inaximum. — 
The first of these sources affords l ooo gui- 
neas, or ^1050 per annum. This wants- 
^1750 of the annual expence just men* 
tioned; and, therefore, in order that the in- 
come of the society may be equal to the bur- 
den upon it, when the annuitants come to a 
maximum, there must be a fund raised in the 
mean time equal to ^43,750, or to an estate 

in 
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in perpetuity of £\15q per cmmm. — But' 
^1050 per annum beginning immediately 
and forborn 25 years, and improved, with- 
out loss or delay, . all that time at 4 per cent 
Gompoand interest,, will but just raise such 
a capital'. There is therefore, the fullest, 
proof thiat the scheme I am considering 
is extremely deficient. The truth is, that 
- scarcdy a third of such a capital could be 
raised, a* will appear from the following ob- 
aervaticms. 

♦Out of 200 pei^ons, all 40 years of age, 
mor^ than iive, aqcording to the London Ta- 
ble of Observations, and not so many by Dr. 
Halleys Table, may be expected to die in a 
year. Suppose then five to be the real num- 
ber of members that will die in the first year 
of the society. In subsequent years th^ qqI- 
lective body of members will be continually 
growing older; and> therefore, the propor- 
tion of them that will die every year, will 
be continually increasing, till it gets to a 
maximum. I will, however, suppose, that 
during the first 20 years no more than the 
number just specified will die every year; and 
that, consequently, no more thanj^i;^ widows 

' Eveiy question of this kind mav be easily solved by 
Table IV. in the next volume, which shews, that jf 1000 
per armum will, in 25 years, increase to j£*26G6 per an- 
num ; and, therefore, ^lOSO per cmnum to ^2S00 per 

will 
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wiB coiiic every year on the society. Th6 
ages of all these widows, when they coni-> 
mence iiyidowhood, will, it is evident, be 
between 4o and 60. One with anodier then^ 
they may be considered as having com- 
menced .widowhood at 5 o years of age. Now, 
five widows left ever}' year at this age, will, 
in 10 years, increase to 43 constantly in life 
ti^ether, according to the expectations of 
life in Tables V, VIII, and XVU ; and, in 
20 years, to 70 •. Suppose the trae number 
alive together at the end of 20 years to be 
only 62. The greater part of these will be 
annuitantsof ^30 and d&AO per ann. and the 
rest ^fiaa Were the former only equal to 
the latter, the medium of annuities payable 
to them would exceed ^25* Suppose then 
this medium to be no more than ^26, and it 
will follow, that, at the end of 20 years, 
the society will have an annual rent to pay 

*' Every calculation of this kind is easily made by the 
rpile in note (A) at the end of this volume.r*! have put 
the tiumber livinj^ together at the end of 20 years at 62^ 
not only that the reader may be better satisfied that I have 
kept low enough, but aiso to make an allowance for 
snch widows as will be left by those members who die 
within a year after admission, and who, therefore, accord- 
ing to these schemes, will be entitled to no annuities. 
This allowance is too large : For, after the first year of 
the schemC) it will not happen above once in 4 or 5 years, 
that the death of a member will be so circumstanced, 
supposing the probability that a man at 40 will live a 
year, to be, as all but the London Tables make it, 50 
to I. 

of 
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of £26 mitktFliedbj62,or^i€t2; »A, i^ 
then able to bear sodbi an expence^ it >mu8tt 
in- the intenriediate time, haT& aoqviired an 
increase of inGOxne equal to the difierence 
between ^1050 and £1612 per ann. That 
is ; it nrast^ with its savings, have Bccvmxtr 
lated a stock equal to dB562 per aun. and 
wordi ^14,050. But as, during this'time^ 
there will be a number of annuitants con- 
stantly increasing, to whom yearly payments 
must be made, the savings cannot cer* 
tainly be one half of what they would have 
been had the society been all the time 
free from all burdens. Suppose then the 
stock produced by these savings, to be equal 
to the stock that would arise from an income 
of £10 50 per ann. beginning immediately, 
and improved perfectly at 4 per cent com* 
pound interest for half thT time I have 
mentioned, or for 10 years, without being 
subject to any checks or deductions : Such an 
income thus improyed^ would in 10 years 
produce an additional income of ^504 per 
annum, or a capital of 5^ 1 2,600.— Accorcfing 
to these Observations, therefore, the annual 
income of the society at the end of 20 years, 
and before a third part of the highest annui- 
tants could come upon it, would fall consi-* 
derably short of its expences. About that time 
then it would necessarily run aground ; and 
long before the number of annuitants could 
rise to 100, it would spend its whole stocky 

and 
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ftnd find itself under a necessity of eitheif 
doubling the annual payments of its m^mbers^ 
or of reducing the annuities one half 

All I have now said is meant on the sup- 
position, that the society begins with 2oo 
members at 40 years of age, ai^d is afterwards 
limited to that number, by admitting no more 
new members than will just supply the ya* 
cancies occ^ioned by the loss of old mem- 
bers. If it is allowed to increase^ it may 
continue a longer time. And, for this rea^ 
son, a society that wants half the income 
necessary to render it permanent, may very 
well subsist^ and even prosper for 3o or 40 
years. — ^Thus, the Laudable Society, was it 
to keep to its present number of membersi 
might possibly feel no deficiencies for 20 
years to come ; but if it should continue to 
increase at the rate of 70 or 80 every year, 
it would, at the end of that time, possess a 
balance so much in its favour as might en-> 
able it to support itself for 15 or 20 years 
more\ But bankruptcy would come at last, 

and 



^ What has beet) before demonstrated in Question IIL 
fbould be here recollected, that the number of annuitants 
on such a society aa this, must go on to increase for more 
than 100 yean after acquiring its greatest number of 
members* 

The Laudalle Socie^, I am informed^ took its rise 
from a calculation contamed in a pamphlet entitled. The 
Posnlility and Probability of a Schemb intended for the 
Benefit offFtdows being allg to support itself The scheme 
bere referred tO| is the same with that which this Society 

voi^ !• G has 
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arid with the ni6re weight the longer it had 
been deferred. " 

The rule in\ the London Annuity Society, 
which obliges every person between the ages 
of 45 and 55, to pay at admission 5 guineas 
extraordinary for every year that he exceeds 
45, is an advantage to it, but it is a very 
inadequate, and also a very unequitable ad- 
vantage. For at the same time, that it 
obliges a person 55 years of age, to give 
viore than the value of his expectation, it 
takes ah(yve two-fifths less than the value 
from a person w^ho is 45 years of age. 

If any persons remain still doubtful about 
what 1 have said, I must beg their attention 
to one further argument. 

It niust be expected that every other mem- 
ber of these societies, supposing them to 
consist of persons all of the same ages with 
their wives, will leave widows to whom, one 
with another (as already shewn), at least ,5^28 



]ias since followed^ and I am afraid I shnll not be credited, 
when I say, that the calculation to prove its capacity of 
supporting itself, is founded on the supposition, that a 
hundred married men, whose common age is 36, will 
leave but one widow every year, though at the same time 
it is supposed that two of tnem will die every year. 

This mistake has made the whole calculation OQC half 
wrong. — Nothing can be plainer than that, if the death 
of a married man does not leave a widow at the end of 
the year, the reason must be, that both himself and his 
wife have happened to die in the year.. But it is always 
Tery improbable this should happen* 
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per ann. must be allowed, for as many years 
as there have been pa3rments from each mem- 
ber. For every lo guineas then received 
they must some time or other hereafter pay 
^28. But let it be well considered what 
can enable them to do this« Did money bear 
no interest, for any given sum now received, 
they could not afford at any time hereafter 
to pay more than an eqiml sum . That is ; 
(since the duration of survivorship is in the 
present case> by Question II. equal to the 
duration of marriage) the proper considera- 
tion for any given reversionary annuity, to 
be allowed to all the survivors of a set of 
marriages, would be, an equal annuity pay- 
able by each marriage during its existence ; 
and just half the reversionary annuity, if it 
is to be allowed only to half the survivors, 
or to widows exclusive of widowers. The 
annual payment tt^en of Jive guineas, during 
marriage, can entitle widows to no more than 
an annuity of ten guineas, supposing money 
to bear no interest But if money does bear' 
interest, the same payment will entitle them 
to more, in proportio;i to the degree in 
which it is capable of being improved, 
during the time between that in which the 
annual payments begin, and the commence- 
ment of widowhood. Now, it is easy to 
see, that unless money b^rs very high in- 
terest, this improvement cannot be likely in 
any circumstances to produce a capital, the 
interest of which shall be equal to the annual 

G 2 payment 
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payment itself. Any given annual payment 
perfectly improved at 4 per cent, compound 
interest) requires J 7 years aiyd a half to 
double itself) supposing the finst payment 
made immediately. But no marriages are 
iihely to last so long, except those aoioqg 
persons who are very young, A marriage 
between two persons, both 40, will not pri>^ 
babfy last longer than 13 years, according ta 
the probabilities of life in Dr. Hallesf^ Tabku 
A marriage between two persons, both &0p 
will not probably by the same Table, last 
longer than eleven years ; not a marriage ber 
tween two persons, both 3o> longer than i6 
years. Such marriages, it is true, may pos-* 
sibly last SO or 40 years. !&it this circum- 
stance is more than balanced by the iactt 
that no less possibly they nay not last ime 
year. The annual payments, then, being 
incapable of such an improvement as shall 
produce an additional mcome equal to them*- 
selves ; it is obvious, that no society ought 
to go so far as to allow to widows annuities 
twice as great as those which might be al- 
lowed, supposing no ioteiest of money '; ae 

far> 

"" At 8 per cent, the period of doubling mooey hf 
compound interest, is nearly 23 years and a half. At 
5 per cent, 14 years. 

' The money accumulated wM |iot be exactly the 
same with that to which the amnud payment woM in- 
crease, if improved 4it compound interest for a number of 
years, equal to that which the joint lives have an eqital 
ehoTue of ejusting. Much le^ will th^ increase be the 

sam^ 
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far, for inatance^ as to allow, instead of l o 
guineas, 20 guineas for an annual payment 
of five guineas. In the circumstances of 
most of these societies three-fifths addition 
may be the fiill allowance. That is ; sup* 
posing the annual payment of each member 
to be five guineas^ time may be expected 
for gaining from hence a capital of 7S 
guineas, or that shall produce three gui- 
neas per annum interest ; and the proper re- 
Tcrsionaiy annuity will be l6 guineas; or 
six guineas more than the proper reversionary 
annuity, did money .admit of no improve- 
ment y. 

The 

same with that which would arise from the annual pay- 
ment forborn, and improved^ for a numher of years equal 
' to the expectations of the joint lives. It will be less than 
either of these, for a reason explained in note (K) at the 
end of this volume. 

y To these accounts may be added the following short 
and easy method of trying the sufficieucy of all schemes 
of thk knd. 

In an adequate scheme it can make no difference 
whether the annuities themselves are paid, or the value of 
thtm in a single payment ftt the time tliey become due.— 
Suppose tlien a society just established, consisting of 600 
members, all married men at tlie age of -10, each of whom, 
besides one payment in hand, is to make an annual pay- 
ment of fire guineas. Suppose the age of their wives 
89 (, and every widow to be entitled, on the day her 
hu^nd dies, to a life annuity of i^20, the first ])ayn)ent 
to be nuide at the end at half a year.-^uppose further, 
that the society is to be kept up for ever to GOO members 
by admitting new ones at the age of 40, as old ones drop 
off. — ^In the first year (according to Tables V, Vili^ and 
XVII^ in tbe next voluoie) twelve members, at least, 

will 
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The preceding observations have gone on 
the supposition^ that the reversionary annui- 
ties are to be for life. What difference in 
favour of these societies arises from the cir- 
cumstance, that the annuities are to be paid 
only for tvidotvhoody cannot be exactly deter- 
mined. Some judgment, however, may be 
formed of it from what has been said at the 
conclusion of Quest 11. Were even one half 
of the widows to mariy, still the schemes I 
have been considering would probably be in- 
sufficient. But, in the circumstances of these 

societies, 

• 

will die, and leave twelve widows, each intitled to jf 20 
per qmtumn The value of such an annuity to commence 
at the end of half a year, the age being 40, is 14| years 

Curchase by Mr. De Moivre^s valuation of lives, (or Ta- 
le VI. Vol. II.) reckoning interest at S per cent. The 
value, therefore, of 12 such annuities; that is, the whole 
amount of the sums becoming payable during the course 
of the first year, is j^3480. — ^The annual contribution is 
600 times 5 guineas, or ^3150, and this, together with 
its interest for about half a year, or j6^205, is all that 
such a society could be possessed of to bear an annual 
expence of i€^480. It appears, therefore, that, in order 
to support the expence of the supposed annuities, the 
atmual contribution of each member ought to have been 
more than five guineas. 

A proof of the same nature with that here given may 
be deduced, by considering these societies as bodies of 
men united for the purpose of assuring to one another, 
from year to year, annuities for their widows; and the 
way of finding the value of such an assurance is, to mul- 
tiply the value of the annuity, by the probability that it 
will become payable in the course of the year. For in- 
stance, Let the member's ag«, and also his wife's, be 40. 
Let the annuity be ^20 per ann. for life to commence at 
the end of a year, or an annuity whose present value is 

(reckoning 
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societies, it cannot be expected, that above 
one in lo, or perhaps one in 20, will marry. 
The persons most likely to enter into them, 
are such as have not the prospect or ability 
of making competent provisions for their 
Mridows in other ways. The widows left, 
therefore, will in general be unprovided for, 
and, being also left with families of children, 
it is quite unreasonable to expect, that any 
considerable proportion should marry. This, 
is true of such as may happen to be left 
young; but when a society has subsisted some 
time, the grea/er part will not be young when 
left, and these, at the same time that no ad- 
vantage can be expected from their marrying 

(reckoning interest at 3 J per cent,) 14 years purchase; 
that Ls, ^^2S0, The probability that a person at the age 
of 40 will die in a year, and that his wife of the same «ge 
will live a year: or, in other woriife, the probability, that 
such a member will leave a widow in the course of the 
year, is, by the BresUitu Observations, (or Table V, next 
volume) 4- J-y multiplied by Ji|, or .0198. (Sec page 18, 
and 24.) That is; there will be the odds of nearly 49 
to 1, gainst such a member leaving a widow in the 
course of the year. The value of the assurance, there- 
fore, is .0198, multiplied by 280, or the 50th part of 
jf 280 : that is, j£"5 ... 1 1.9. In the same manner the value 
of a like assurance for a year at any other ages may be 
easily calculated. At the age of 35, it is <^5...7^. At* 
the age of 45, it is JkS,.,Ts. The value, therefore, in- 
creases continually with age; and, it' given in an annual 
payment constantly the same, which is the case in these 
societies, it otight to be greater than the annual payment 
due for one year at the commencement of the assurance. 

Five guineas per anmimy therefore, is, demonstrahlif^ 
ap insufficient payment from a n^arried man for a life^ 
annuity of ^20 to his widow. 

will 
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will be in general the highest annuitants, and, 
therefore, the heaviest burdens, — ^Moreover, 
the prospect of the loss of their annuities 
will have a particular tendency to check mar-t 
riage among them — ^For all these reasons it 
seems to roe likely, that the benefit, which 
these societies will derive from marriages 
^mong their annnitants, will not be very con^ 
8iderab|e ; or, at least not w considerable as 
to be eqifal to the advantages 1 have allowed 
them, by calculating on the suppositions, 
that the money they receive will bie alwms 
improved perfectly , tvitkout loss or delay, at the 
rate of a per cent compound interest; th^t the 
probabilities of life among males and females 
are the same, and all husbands likewise of the 
same ages with their wives, and that con- 
secjuently the maocimum of widows on such 
societies can amount to no more than half 
the number of marriages*. — rWith i-espect to 
the last of these suppositions, it deserves to be 
particularly observed, that from accounts 
taken annually with great care in Scotland, it 
appears, that the widows of the minist^s and 

' Care should be taken in these societies, not to judge 
of the proportion of wldovs-s that will marry, from 
the proportion that may happen to marry during their 
first yeais. For most of the widows that will be left at 
first will be young ; whereas the greater part will not be 

Joung when they commence widowhood, after a sodety 
as subsisted 30 or 40 years ; and, therefore, though one 
in three or four should marry at first, it will not be rea- 
sonable to expect, that half so many should many after 
the affiiirs o( the society become stationary* * 

professors 
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profe3tbr8 there • notwithstariding tht diibi- 
nution occasioned by theit maf tyihg, do et- 
ched cotislderably half the nutnber of mar- 
tiages. And certainly it would be utireaSotv- 
able in these societies not to reckon that thfe 
same will happen among them .-^Indeed it 
seems certain, that notwithstanding the ha- 
7:ardS that sitterid child-beating, the proba:- 
bilitjr that the woman shall survive in ftiar- 
nage, and not the man, is much greater^ thdft 
is commonly imagined. It will be sh^Wn in 
the second Essay, that it is not less than the 
odds of 8 to 2 ; and had I calculated agtee- 

. " The nmnber of married roitlister) atid profeasflri^ 
£)r 17 years, from 1750 to 17^6, was at a mediuin 667- 
And from the enquiries that have ^cen made, it appears, 
that from this whole body near 400 widows cortstatrtly 
Uflm u^ derived. The medium of widkiws left mi- 
pually has, (br the last 36 years^ beeft 19^^ I ft^dj for 
10 years, ending in the year 17^7» ^^^ ^^^^ ^^ these 
TiaB tnatried. — Of the annuitants likewise (about I GO hi 
numbe)-) tm the futid established among the Dissented ih 
Jjondon, for relieving the widows of in^gent mioistersy 
it is found that few ever marry. See the 2d Section of 
this Chapter. See likewise the latter end of the 2d Essav ; 
find note (A) at the end of this volume.— ^In the Latiinbh 
Society during 19 years from 176I, die number of widows 
Uiat came upon the Society was I67 ; and of these only 
IS had married at Lady-day I7SO. Fouiteen had died. ' 

^ Partly, as observed in page 8, on account of the 
greater mortality of males, but chiefly on aecotmt of 
the excess of age on the man's side. — ITie Laiidabte Sor 
cietj/f for several years after its institution, paid no reg^trd 
to this excess of age ; and the allowance required on this 
ac^count by tlie London Annuity Society was so trifling as 
to deserve no notice. 

In March i7B0, 167 husbands had died in the Laudably 
^gcietji^ £|nd onl^ 13g wives. 

ably 
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ably to this fact, the values of, annuities for 
widows, would have been given near a quar- 
ter greater than they have been given on the 
supposition, that the chance of sunivorship 
is equaLbetween men and their wives. — ^It 
2nust be added, that I have made no account 
of any expences attending the execution and 
management of the schemes of these societies. 
Some such expences there must be, and some 
advantages should be always provided in or- 
der to compensate them. 

There artf in this kingdom many institu- 
tions for the benefit of widows, besides the 
two on which I have now remarked ; and in 
general, as far as I have had any information 
concerning them, they are founded on plans 
equally inadequate, having been formed just 
as fancy has dictated, without any knowledge 
of the principles on which the values of re- 
versionary annuities ought to be cak^ulated. 
The motives which influence the contrivers 
of these institutions, may be laudable ; but 
they ought, I think, to have informed them- 
selves better. ^This appears sufficiently from 
what has been said ; but 1 will just mention 
one further proof of it. 

The London Annuity Society promises that, 
if in 2 1 years; and the Laudable Society that, 
if in 25 years, it shall appear that there has 
been all along an annual surplus in favour of 
the societies, it shall be employed in either 
raising the^ annuities, or in sinking the annual 

payments. 
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payments. Now, they may be assured, that if 
at the end of these periods, they should not 
be possessed of a considerable surplus, the true 
reason will be, their haviflg granted much 
higher annuities than the annual contribur 
tions are able permanently to support. For 
it has been demonstrated, that the number of 
annuitants, and consequently the amount of 
the annual expences, will go on increasing for 
a long course of years beyond these periods; 
The effect, therefore, of carrying into exe- 
cution this regulation will be, precipitating 
that bankruptcy which would have come top 
soon had there been no such regulation. 

It has been said in defence of these socie- 
ties, that the deficiencies in their plans cannot 
be of much consequence, because their rules 
oblige them to preserve a constant equality 
between their income and expences, by re- 
ducing the annuities as there shall be occasion. 
And from hence it is inferred, that they can 
never be in any danger of a bankruptcy. — : 
But it has appeared, that the time whep 
they will begin to feel deficiencies is so 
distant, that it will be too late to remedy past 
errors, without sinking the annuities so much^ 
as to render them inconsiderable and trifling. 
All that ^ is given too mi^ch to pre^ew^ an- 
nuitants is so much taken away from future 
annuitants. And if a scheme is very deficient, 
the first annuitants may, for 30 or 40 years, 
receive so much more than they ought to 
receive, as to leave little or nothing for any 

who* 
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who come after them- Deficient schemes, 
thcrefote, are attended with particular in- 
jiwtice ; and this rnjnstice will be the same, 
tf. Instead of reduci?tg the annuities, the an- 
ilttal payments should be increased ; for all the 
ditference this can make will be, to cause the 
llijtistice to fall on future contributors, in- 
Meftd of future annuitants. 

But what requires most to be considered 
h^tt is, that, dhtr either the annuities have 
heeti for some time in a state of reduction, 
or the contributions in a state of increase, it 
Will be seen that these societies hare gone 
upon wrong plans, and, therefore, they will 
t^ deserted and avoided; the consequence of 
Which will prove still greater deficiencies in 
theit annual income^ and a more rapid deset^ 
tioh and decline, tiU a total dissolution and 
Imnkfuptty take place.— This will be the 
dtoth of most of the present societies for pro* 
Viding for widows, if they continue to be en- 
cour^ed, and do not soon alter their plans : 
And at that period the number of anrtuitaftt^ 
Will be greater than ever ; whose annuities, 
having no other support than the poor re- 
fiiains of a stock always insufficient, will be 
moti left, without the possibility of relief, to 
lament that ignorance and credulity which 
gave rise to these societies, and which had 
SO long supported them. 

In the London Annuity Society, there is an 
encouragement to hacheiois and tvidowers to 
join them, arising from the additional an- 

3 nuities 
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nuities to which they will be immediately 
entitled, when they marry, in consequence 
of having made their payments a greater 
number of years : and it is imagined, that 
particular advantages will be derived Srom 
such members. But even these will in ge- 
neral pay much less than the value of their 
expectations. — ^A person who begins an an- 
rnial <x>ntribution of five guineas at the 9Qt 
of 24^ wiU^ should he live 1 1 yjdvs, 9a4 
marry a woman of the sao^ age at the^od 
of that time, entitle her immediately to ^35 
per ann, during survivori^ip, and to ^Al per 
annum should he Uve four years after many- 
mg, (interest being at 4 per cent.) ^ In jthif 
particular case^ therefore, a person will pay 
nearly the true value of his expectation. But 
atf at all ages who marry j in less time thaa 
1 1 years after admission, will pay less thaa 
the value of their expectations. 

^ The value of five guineas per anmm (fisst payment 
made iminediately) for 1 1 years, subject to fiiilure should 4 
IHe now 24 fail ; and^ after 1 1 years, for the joint lives 
of two persons both Si, is, by the Tatiite of London Ofhf 
servalious, j^69^— By Dr. HdMs Table, ^£"7^*44^-1% 
present value of j^S per annum jor life to the widow of pk 
person now 24, should he live 11 years, tani marry a wo- 
man of jche same age with liimsetf at the ei^d of ibot ttiue; 
IUm) also of ^6 naore, ot <$^41 per anrntm in all, aliould he 
live after marriage four years ; is, by i\\e Table of Londou 
Observatiwis, jf G9.86;— By Dr. HalUn/s Table, £^6.0^. 
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Supplement to the preceding Section ; con* 
taining a further Account of the Societies 
for the Benefit of Widows. 

Of the London ANNrrirr Society. 

IN the preceding Section, the reader has seen 
on what very incompetent plans the two So- 
cieties, which are the subject of it, have 
been formed. Some changes have taken 
place in them since the last edition of this 
Treatise, of which it is necessary I should 
here take notice. 

The London Annihtt Society, consist- 
ing' in January 1781 of 326 members, has 
so far reformed its plan, as to be now in Ut- 
tle danger. Besides ordering a compensation 
for dificrence of age between husbands and 
wives, it determined, in 1774, not to engage 
to pay a higher annuity than ^20 to widows 
if their husbands had lived a year after ad-* 
mission, for a contribution of 1 o guineas in 
hand, and five guineas per ann. afterwards. 
At the same time, however, room was left 
for expecting that some additional annuities 
might be paid to the widows of such mem- 
bers as should survive 1 5 years in the So- 
ciety ; but what the additions should be, was 
left to be determined at the end of 1 5 years 
from the establishment of the Society. Ac- 
cordingly, 
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cordingly, last year some able judges were 
consulted; and, if I am rightly informed, 
the result has been, that the Society has 
agreed to promise for the same contribu- 
tions an addition to the <^20 annuity just 
mentioned, of £4 per ann. to widows, if 
their husbands have been members 15 years 
or more. 

He that will consider the demonstrations 
in the foregoing Section, or compute agree- 
ably to any table of the decrements of life 
by the Rule in Question X. may assure 
himself that a contribution of ten guineas 
in immediate payment and five guineas every 
year after the first, is scarcely a sufficient 
support for an annuity of ^20 during life 
to widows, supposing husbands and wives 
of the same ages, and money improved at 
an interest of 4 per cent. — But money may 
now be improved . at a higher interest 
Some advantages also must be derived from 
making the annuities payable for widow-* 
hood only ; and on these accounts, such a 
contribution may safely enough be reckoned 
a proper payment for an annuity of ^20 
as it is oifered by this Society. But it 
cannot, without danger, offer more; parti- 
cularly, as it is certain, that the lives of 
women in ^^[(^neral, and more especially of 
woTuen in the advanced stages of life, are 
more durable than the lives of males. 

I he ad<litional annuity, however, not be- 
iii^ .... more value tlian about three guineas 
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a h^H* in a single paynxent at entrai|<;e# 
the Society may possioly find itself capable 
of paying it» provided the contributions fo;r 
supporting Uie scheqfie (n^niely ten guinea3 
at entrance and five guineas per arm. from 
every member, besides a just compensation 
for the excess of his age above that of his 
wife) are not loaded with any of the ex- 
pences of management^. 

SECT. 

* Jn the year 17fM) this Society referred the examina- 
tion of their afiairs to Dr. Price and myself, at which time 
Aeir nuaiber consisted of 828 membeis, and 85 widows 
daimii^ annuities to the amount of J^1967 — ^their stock 
invested in the 3 ter cents, amounted to ^70^500 ; the 
dividends on whicn together with the annual premiums^ 
^ceeded their expenditure by ^2000 a year. — ^In con« 
nequ^nce of our jomt opinion and advice, ic was then de- 
tenniQied to increase the annuities to widows ^1 for every 
year that the hus^nd. should live beyond 24 ye^, so that 
if they lived to midce 50 payments the annuities should 
anHiunt to jt504 — Since that period another investigation 
i;pok pjlace jn 1 JBSy when it ajuieared that the Sociei]^ con- 
sisted of 302 members and 132 . annuitants claiming 
jtSi294 per awmm — ^that their stock in the three per cents. 
amounted to i^^^OOO, that their annual inoouie exceeded 
^ak ^pendit^ne by more -than i^lOQO, and/on the sup- 
posiition that this capital was worth J5 per cent, or the 
li^oney pearly which tiad been paid for it, that they pos- 
sessed a surplus of j^l4.735. 

Whatey^ objection may be made to this method of 
tttiinfttii;^ tbeir capital, it is evident, If the money had 
heen iuyested where ic could suffer no diminution, that the 
affiiirs of the Sodety would have appeared to be in a very 
flogiri^UQg condition. The public funds, however, since 
the year 1^38, have so improved in value, that if the 
stoqk were now sold it would produce nearly the 
sum which was originally paid for it, and therefore no 
aj^asonaUe douht can be entertained at prastnt of the So- 
ciety's 
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the Ben^t of tl^id^ms^ . . 

J. HIS Society adords » melancholy proof of^ 
the pernicious tendency o^ that tfispiw&tion 
to form annuity societies which prevailed 
fiome time ago*— In consequence djf a peti- 
tion to Parliament in 177^9 ftom ittany of 
the most respotftahle members, it Hfwmtd 
its plan ; but no arguments could engage iht 
majority of the piembers to ' consiirnt to a 
reformation whidi was likely to be attetid"^ 
ed with any other efiect than an increase of^ 
Odatnity by postpamug 16 Fer tiiirteeti 
^ftmt^ ^Ma the time of its estiblishmeiit, k 
kai oirerlooiMd the ^litfevtnpes of ag«i be^ 
faMcB meti and their wirss^ and gone ,i^n 
Ihtf ptan iKieationefiin'page73i^^In 17 7^, a 

• « . • , • 

eleiy^s itidrilitf; itideedlt buiot pofeBtbfe diil diejr ihouM 

tnd not tery distant int^m^. tpey oontinue those in- 
f tsllg a tiUii ff which hdve been twice repeated within th^ 
Int'twelite yecM. 

Jt mAy^iiotiie inipfpger to ad(li ^b»t.OD the 1st of Ja» 
tiiJiryi 190£^ the iberobets of this Spciety axuouDted td 
300; the annuitants to 134— the Capital to ^"102,000 stock 
ill the S per cents, the annual income^ inclndii^ dividends 
•nil pi ft WWW y/lo if 4804^nd the anand. exp^diture, in- 
tlui&ug^fmitif^^!^^ (M'J&14S9 

leis than the'iacojuc. M< 

• ▼«.» 1. H. ' <Jomj>en* 
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compensation for the wife's inferiority of 
age was ordered to be paid by all new mem- 
bers, and at the same time the following plan 
agreed to. — ^For an annual pajinent of five 
guineas/ the first to be made immediately, 
every widow was entitled to an annuity 
during widowhood c^ 

^10 if her husband had \ ^ ^ j j 

beea admitted | 2 years and a day 

£is if — — 3 years 

^20 if — — 6 

^25 if — — 8 

agaoif — - — 11 

agj5 if — — 13 

\flg4oif — — la 

Any one who will calculate by the rule in 
Quest. YIII. will fiad that the annual p^* 
ment necessary to support these annuitiGi m 
nearly, by Dr. HaU^'t Table of Oboerva-. 
tions, ^7» supposing equality of age be* 
tween husbands and wives, money improved 
at 4 per cent, and the mean age of admission 

thirty-seven ^This change therefore, did 

not deserve the name of a reformation; and 
an attention to the following account will 
shew, that instead of doing good, it has in 
fact only prolonged the existence of the So- 
ciety to do mischief. . * 
. From the establishment of the Society in 
1761 to 1772, it had incitased to 700 mem- 
bers; but in ApriL 1780, it had gcadually 
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tank, by deaths and desertions, to 550. — The 
whole number of widows which had come 
on the Society was then 168, of whom 84 
had cpme upon it in six years, from 1774 
to 1779*; that is, fourteen annually. Thir^ 
teen had died and fourteen had married, 
which had left 141 annuitants, the claims 
of 133 of whom amounted then to ^3,310 
per anrif The claims of the remaining eight, 
reckoned at £zo per ann. each, will make 
^240 per ann* ; and the expences of manage^ 
ment (or ^3 00 per ann. nearly), added to 
these sums, will make the whole annual ex- 
pence of the Society in April 1 780, ^3,860» 
——Its income, consisting of the interest 
of ^49,090 three per cent, stock, and the 
subscriptions of 650 members at five guineas 
each, amounted at the same time to ^4, 3 60, 
living a favourable balance of only ^480, 
Supposing the Society ^ to preserve its pre- 
sent number of members, and the number 
of annuitants to increase for six years to 
come only at the rate of ten annually, its 
cxpence at the end of the present year, or 
the banning of the next, will be equal to 
its income ; and afterwards -it will find it- 
sdf under the necessity of having recourse 
to one of the three following expedients. 
It will be obliged* either to run into its ca- 
pital, or to inciease its contributions, or re- 

**In 178O fourteen more ^vidows came upon the So^ 
llicty. 

H 2 duce 






dude tte antiUHt^ — ^Tbe coiise^iettGcl cfi 
fbe itm, df theft« et|yectiefits wiH be> (iot thtf 
^ift4 ^ Che Sdeiitjr will be sw>n consatAtidy 
Ibid the »lni^tt«ts l€ft without support.-^ 
Tk^ conmm^nct of the second will be, that 
tite eofktriratioA9 will b« iticteiKirig e^«^ 
yim t01> ifi iO is» 13 yearsi they aw^foi^/i^ 
and kt k^alnyoet trifileA — ^The consieq«tmie@ 
ef the /oM mli be, tlriit the a^mmitkd vnXk 
M^ etery ye^ till they come td be l«il 
thim half the annuities promised^. S^i^ 
fife the ^aif s of this infktuated Sooiety ) ' 
rior i* it easy to afpply any refftedy M 
tliem ; for in consequence of goiitug on to9 
)o)%g with an insufficient ^ekeiMe, %he Scf 
Giety has large payments to M^ike ift ^def 
to tiompensftte past deficiencies; dttid fl 
scheme at first adequate would tK>w prove 
inade^piate. — ^For example, (^uppositig a just 
allow^aftice required for the wife's infejiority 
of age) an aAfmal payment of seven gui- 
neas fiDfti every member, begun in 1 773, 
when tlie number of widows was only 42, 
Would probably have been stt^lficieiit to sHJh 
port tte reformed scheftie mentioned in 
page 98 ; but now an annual payment of 
Siiiie guineas from the present members, and 



' The annuitants (should the number of members con- 
fmtie what it is) caimot lolcratte to ttMch less ibfti^ double 
their number last year. 

of 
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of sev«n from all fiiiure ipembers, would 
flcarcely be su^ijient. , 

hx suc^ ciroui9st9inces it seems . beet t0 
hD»^ VP, ap4 tp {diride t^e present <*pUal, 
^ f»r as it MoU -go among the annoitants. 
JShouW tbU be 4ope, tUie M|J%Hi)tR|i^€ wiU 
jiodee^ be gre?t ^^erers ; fo^, so m^ee^y 
fiiccunns|:^ppe4 i» «^<l Spcietj, that its whole 
«todc wiiljiot fiay much morejthaa ^ti^'«ibe 
Value of the apiwitiep. l^t tAip only ^^ w 
^.stroi^r ^ight ^ ^^eqes^ity iig aj^'j^nntediaif 

jtfM)^ ^jR? iqcf easing fftsf, tt^^fher. witfe th« 

i|nvli«m,«)f tlw a9ft»ijfies d»e,^ ^foJ^k ad4 
0*^of9re.,^i^e. <jpi}§egvieppc 
Jbc extending greatef ^^ 
PHmbe^s* 
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SIJJCE the pr6ci*ffei^ account was wHt- 
ten, this Socie<V/.cb]|i%iced dt last of it5 

« The mean age of jhe widpws nqw oo the Society is 
not probaMy more than 42 or 43. The value of annui- 
ties iiayiKble half-yearly ^krring tbe lives of wom^n at thi^ 
9ge» IS .DQt really V> }iM^e 9& \ ^ )y^rs purdiase^ rreckening 
inteiest at 4 per cent. Supposing therefore the Society to 
breatc qp some time or otli^r before the end of this year 
(17B1), and file number of widows then upon it 154^ the 
iCdue of ^eir WQWties^ Ht £i^ e^di^ will be ^63,900^ 
of whi^b their ^t9cl^ $U i\» pfesent prioe^ will not. pay «o 
muc^ as ^^28^000. 

mistakes. 
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mistakes, has resolved to reduce the an- 
nuities of such widows as became daimants 
before the alteration in 1774, 35 percent. 
and the annuities of all the other widows 
who are now claimants, 2b per cent. It was 
also resolved by two geheml courts, that the 
annual paymei^ts shotrtd be increased fix)m 
five to six guineas- But- this resolution was 
revoked by the general court in July last ; 
and a resolution substituted in its room to 
diange tht plan described in p. 9^, into 
one which makes it necessary that a member 
should have been admitted 3 years to entitle 
his widow to' art ahiitfity of a^io, and ^ 
^ears to ^ntitfe Tier^o ^20; and IS and 
20 years to entitle h^r'to^^io and ^40.— 
Possibly this resolution, like the former, Will 
be retracted by some future general court. 
Should it be confirmed, it will, in conjunc- 
tion with the j'ediicai^n jusi: mentioned of 
the annuities payable to present claimants^ 
ccfpstitute a, reforitt^jJjjfR. which (supposing 
the funds 9i the SpjCf^y not incumbered 
with any expendes o^ management) might 
have been 72ear/y suflident ten or twelve years 
ago to save the Society. . But it is far from 
being sufficient now-r. — ^The reduction of 
the annuities payable to present claimants is 
too little. It should h^ve been extended to 
the widows of the old members now living; 
and the new plan restricted to members lately 
admitted^ and to future members ; and % 

compensation 



' » 
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compensation for past over-payments to wi- 
dows should have been provided^. 

* This unfortunate Society, since the period in wUch 
the aboTc post^ript was written, has repeated its attempli 
to reform those cnon in which it originated. In the 
year 1790 tfae'number^of its memhers had sunk to SSO^ 
while the number of its annuitants had increased to 217* 
Its annual income also had fallen short of the expenditure 
by j£'1740, ttid its capital^ after an accurate examination 
of its finances^ appeared to be insufficient to satisfy' the 
demands upon it by ^^30,000 nearly. Under these cir- 
cumstances it was determined that the annuities payable ^ 
to the widows who were then claimants should be re- 
duced one' half, and that the annuities to all future claim*- 
ants should be reduced one fifth. At tliat time the 
Sbciety possessed ^^42,000 stock in the four per cents \ 
and Imd these continued arpar, or at the same price as 
they w^e then estimated, itis probable that the Society 
would haye been spared the mortification of any further 
reductions. But in consequence of the disastrous war ' 
which soon ei^ed, this stckrk, together with all other 
pfoperty ip the pubUc funds, lost more than one, third of 
Its value— the capital of tlie Society was diminished in 
the same proportion^ and the annuities, which were 
yearly increasing upon it, required so much larger quan- 
tity of stock to be sold in order to discliajge them than 
the computations supposed in 17^0, that new ^rms 
were produced, and it became necessary opce more to. 
have recourse to retrenchment. In the year 1^02 tfaerer* 
fore another investigation of the Society's finances wa». 
undertaken, on the supposition that its stock was then, 
worth only 80 p^ cent* or 07ie fifth less than it was xtvXk^ 
worth at the period of the former investigation, and the.- 
result Was such as miglit have been expected. The value. , 
of the present atnl future cjainis was found to exceed tlie 
value of the capital by ^^2257) so that no alternative 
remained but either to break up the Society, or to reduce 
the annuities. The former was deemed impractioable, 
and consequently it was determined that the annuities 
of the present widows, as well as those which should 
iieieafter become cliumi-4ipon die Society, should be 're- 
duced 
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Qf the Assockakn amtrng ihe\jimAm de^^]^ 
* fAidthe Ministers in Scothnd, for providing 
Annui$mjbr their fFkhm'. 

9 

Apdl, i;65, tbe clergy wkhiti tbe hiilQ 
pf moTtfllity and the county of Middlesex^ 
at i general meeting in SifinrColtege^ a^greed tq 
fbro) themselves into ;% sooety ibf the Bvpr 
port of their widows and orphans. Many ii^ 
this respectable body may be capable of do- 
ing, in a better manp<»*j what I bavoiittemptf* 
pd in this Treatise ; and they are^ perho^pSi 
already sensible of the deficiencies in the plan 
which they have esf^blished. I shjiU not 
however^ I hopp^ do wrong, in taking tfa^ 
liberty to recite briefly Uiis plsui, in order fo 
introd|ice a few observations i^poQ it<^ 

^ed xnM sixths so l!h4t imtead of jCnu^ oblJT sIMX^ 
ifitotdud of' £l.By ptily j^S«..^..»M. pcf afotufky dec. kfe 
to be ipaid in ftiture. The depreciation (if the public 
fbiids is an "event for Vhich no cetnputation can provide, 
aM therefi^re, as the SckA^tfs affiurs in their jpxissent 
ftafte d^nd as mitdi \>u the stability of those rands as 
ptt the lives of its tiiend)er$, it is impossible to say how 
ijiif tfiis kst tednetiM ^ay prove effecttial. The number 
^Its Mdcyirs Binoontied in 18(M2 to 1216, but the number of 
ils fenanbers scarcely alnonnted to half their number in 
IC^90. If dmimstances thereibre should have sli^l eomhoued 
litofei^ouraUe, the next measure inu$t be, the dissolution 
^ this , Societyi and a tKvision of the itmatning capita^ 
^on^ the amittitanis and surviiviiiff members in propottioi^ 
it> their respective interests in the ^mds of die Society* M. 

* This section, as well as the former, must b^ con«* 
£defe4 a$ written in 1771* ISuWquent accounts of the. 
^CTerent in^kutions are c<xitiaue.d vs^pod^velg at the end 
1?^ tb^;two§ectiow* ' 

\ .., I AcQordin^ 
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AccMding to the printed articles, ererjr 
chugjennpoasesMd of any beecfio^ loetiifo* 
ah^ ohf Upepaed •oairacy^ wkhio the bUb of 
mpltolity.ond tibue county of MidMeMX, wfao 
imhsdilm lunoBaUy ooe guinea, ortwt)gi]N 
9«^, 0r diadae, flkaJI entiUe his widow to a^ 
anouiQ^ ; joh if he leaves no widow, he rshatt 
ttititkany audi children aa he shall leavie, to 
the ttnte afmuity for softn jenn a$ bsa wi^ 
liow wQuU havebad, And, in case awjdow 
poaaested of an annnityt should estfacr die do 
warrif befbna the kpae of le yoais^ iMtar thb 
eomnir noenent of her «nnuity> audh. diildxte 
of bfx £<maer huahand aa dbaU be tlkim sdMei 
'yKtQ iaseatitldltoaiaaiany^thetjm^^sd^ 
MynieBto of the xmusties^as afae ahaj^oiot 
have received-^The axmxoty is ftsed tD:sw 
particular sum, but, instead of this, it is or- 
dewd> tihat )a fourth |iart of the acimiaiiMh* 
jWffi^onsundisitoiestatiaH he divided the^ta^ 
tlmse yeani Jifier the estaUisfaxnent x>f ^^ m^ 
ciety; half only the next four years; Aoddunw 
£M«dhstfie.tnct live years; fronit^djbnvmvtr^ 
thAt in no one <if idaeae 19 yeani Ihe dh^kkotd^ 
idiall eB:eed.^aoto the widowaaiid iii|>lBai» 
of tiK'decgy snfascrifauig two guineas -or Hione; 
;uid ^Lo te the wid^ra and of^hans of tit» 
subscribers of one guinea. And, after the tx^ 
pimtion ef 1 2 yeara, the whole amount of Ihe 
auheeaijitionB, and of the interest of the csqn-^ 
txl stwdk; is to he diroidod proportionahly fiir 
fveri«*4»it29£(Jther yaoridod, that every der^ 
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gjrmanwho shall be mamed> or hare chil- 
dren^ at the time of his subscriptionrshall pay 
a fine of two guineas towards a capital stock, 
if a subscriber of two guineas or morc^ and 40 
years of age or upwards^ If 50 years of age 
or upwards^ he shall pay a* fine of three gui^ 
, neas; if 60 or upwards, fire guineas: But, if 
not married at the time of his subscribing, and 
shall afterwards marry, he shall pay a fine ac- 
cording to the age he shall be of at the time 
of his marrying* The obligation Ikid upon 
all, whether married or unmarried, td become 
subscribers, is^ an incapacity of bdng admit- 
ted members without the consent of a gene- 
lal court; unless, witUn two years after be- 
coming possessed of aiiy ecclesiastical employ* 
raent, they subscribe. 

'Every one who has attended totlie obset^^ 
"Mtions in this and the preceding chapter, 
must know what judgment to form of tibese 
reflations. 

I Let us suppose that all the cleigy in Ixm- 
dan and Middlesex^ came into this association 
finom the first ;, and that one with* another 
they are subscribers of two guineas annually; 
and that there are among them as many un- 
married persons as married. 

^ In this case, it may be learnt from Quest. 
Xill, that the annuity to which widows 
should be entitled, (supposing no allowanoer 
to the children of any that die) oi^ht not to 
e3K:ced 10 or li guineai; at most; and that, 

besides 
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besides the annual subscriptions, there ofught 
to have been a fine paid at the commence- 
ment of the scheme, by every married per- 
son, of six guineas at least/ or, by the whole 
numbep of subscribers, thrcSe guineas. '^If 
the number of married members is double 
the unmanned, the annuity ought not tof ex- 
eeed eight guineas; and the l&ne fhtoi'%very 
member should be about four gaineas;^-*->T^ 
ordei^, that only a fourth part of the aiibittl 
subscriptions a Ad interest shall be divided 
the ficst three years, half the next four years^ 
Mid thM6 quarters the next five, is without 
i«9fion f because the number of claimantfl^ 
for tlie'fiiJSt^ 12^ years of the scheme, will be 
so feW, Uiat it will not be possible, during 
that time; that there should be occasion for 
dividing any proportions so large of the lin* 
hual subscriptions and '- interes V unless they 
are indeed beyond all bounds to<i little*^^— 
After 12 yeats, the number of annuitants 
will go ojn increasing' for near 50 years^ as 
appears from Quest. III. The consequence, 
therefore, of dividing, after that time, the 
whole amount of the annual subscriptions and 
interest, will be a constant yearly diminution 
in the dividends for near 50 years ; and 
making the payments to the first claimaiita 
much more considerable tlian they ought to 
be, at the expence of all subsequent claim- 
antS"7-For these reasons, it appears to me out 
of aH doubt, that this scheme is by no means 
iikely to answer the good ends proposed by 

3 it; 
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Ui wi^Mtt* thfttiSfttie, it wiU Ik> beat to bijr 
i^ ##Mk< At the^e k was isottM, it wa^ 
X ^> fwtiier iigr«Qtf> ^bftt tbeAnfWal ^vb* 
(Kvipliioot qf theMEjfi tiogetW f<9tb 'the tn- 

A^pi^QOA of <wcU of-the oletgyw «l}ftU (to 
^Jino^fifiMl .<ti»lMS;^ aitmkikie fwMl to l« 
t^lk4 ^ itbfi. .rdief fiftttie disfe^aod widow 
tift«biJidiRi» <tf ^ the nte):gy . witbin die Jitotts 
i ,r}t«ir^ nfetfiioBed* wbfither :sii}}e6iii^>ei» lor 
Dfi^ pnm4««l tbiitifixM) one yeu(^ Um ittt 
Ifprftlrie iQp]% 4ft^Wii^80 be gmm onibilif !tiie 
fytt4 ta my one igkaMl^.-TfO^his in jMi e^tmHisH 
fks(ga; «mi tf.^ nomtey /adsii^ ffi!pii» aM 
tj^,a4dl>$criptioifSjb tiwotufoJ witft^rtiiif^, ^p^ 

indediifor «iii^.0f fth«f«ai9re utdtgioot -miiifWi 
tmA'^mu^,s» wrlUj.npoqpt j^ bsl^ of 

,• • / ■ •. 

Tbewis one more scheme cif ! fKarticular 
pcmtcqiKmse* M^iich. I muet .takfr «io*ic€ of : 
I imeftii, that which is estabti^b^ \>y Act of 
FuriiMDent, amonig the inini$(»er9 ^nd pro*' 
£»8Di» in Sootkmd, for making piwiaion for 
their wiik>ws und orf)hAns. The last men^ 
^WMdatheme, and dko 8e¥6i4l others of the 
Mine kind^ in this Juotgdonij hove been 

fowned 

Covnlies of Chester 9jjA LoJicaster } and another aoioM 
1b« JWsscntiogf Minlsten to Cumberland, Nurthimtledan^ 
* '< ff^esimorland^ 






i^tfiiedontfaemoctelof thi^: and tiM racosMi 
tt^th which It hm been hitheito attBmM/ i* 
<Mie df thu pdnoipal ca«Mft ti> ^liiick ihejl 
haveowed their riM. it i»^ therefom^ fnw 
per 1 ^ottld pipt sMM MCdiiiit of te; and 
it will be fiufl^^nt witli tim tkw to iM»» 
turn, ^ tlntft for an annoal pajmtM^ wttiuii 
"* hegMk imme€liateiy> of JMm^ guisteat ii«v 
it^ii CDMttil^oi«> ^07 cit whom tE« ukum 
lied persons^ besides a tat <m weddings 
^ prodttciag about jgl4Z |m»- ««rii2iin» it eSM 
^ tides every widow to an annuity of j£20 
^ during widowhood^ and abo emy fuaSAy 
""of diildren that eball be Jeft by such 
^ m«mb^r9 as die witbo€Vt lea<nng widaw% 
^ t<i ^20or Thid scheme contains a; r^ 
tiety *ef oK:hef particulars ; but this is ite «ibM 
Stance—- It commenced on the 25thof Mand^ 
1744; and ffom that time to the 23d -^ 
November, i770\ or in 26 years and near 8 
months, 151 ministers and proifessoM diadf 
and left 151 fkmilies of children without 
Widows; that is, 5.66 sudi famili^ WWtt 
left annually ; and the annual disburseifientt 
to th^m have therefore been ^1 1^2. Sub* 
tract this sum from ^64*0, the Whole an* 

IVeslmorland, and Ditrham* — ^Even the London AmHHi§ 
Society, though its phn is totall? Aithienif pmfesses to 
form itself on the principles of the Sco/cA establisbmenl^ 
and to derive encouragement from It. 

* In Nov. 1779, or 35 ycare and 8 months, 199 mi* 
nisters and professors had died, and left 199 families of 
children without widows^ that is 5.58 annually. 

nual 
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anal income; and tbe remainder, or ^4819 
per annum will be the standing provision for 
bearing the expence of all the annuitants 
pos^ble to be derived from 66? marriages. 
Such.an annual payment, or 4.27 each from 
1.011 contributors, is the same with 6.55 
each, from 667 contributors; and, conse- 
4]iiently, it appears, that in this establish* 
latent a contribution is received equivalent to 
an annual payment beginning immediately^ 
of ^6m from every married man, in order 
to entitle bis vtridow to an annuity of ^20 
during her widowhood. 

In the societies mentioned in the last sec* 
lion, annuities increasing from ^20 to ^40 < 
are promised to vndows for an annual pay* 
ment of only 5 guineas™. And, in all the 
societies for the benefit of widows with 
which I am acquainted, there is an equal 
or a greater disproportion between the con- 
tributions received, and the annuities pro- 
mised — With what strange rashness then 
has the plan of this establishment been co- 
pied? And how absurdly have the societies 
in this kingdom pleaded it as a precedent 
:which encourages and favours them? — It 
"would be trifling to say raqre on this sub- 
ject. 

It may be observed that the annual income 
for the support of this establishment, sup- 
posing it to have only the benefit of widows . 

■• See page 73. 



the Ministeri in Scotland^ &:c. Ill 

Si vicw^ ought to be 567.19 per ann. from 
every marriage, according to Question XIIL 
p. 46^ and ^7.44 per ann* according to 
the calculation ia Note R at the ^id of this 
volume. 

These determinations exceed the income 
actually provided. But the excesses ire by 
no means considerable enough, to afibrd any 
certain reason for concluding, that the fund 
of this establishment will prove insufficient* 
I was, however, once led to eatertain some 
doubts on this subject. And in these doubts 
I thought myself confirmed by observing 
that, in the calculations ^ made at the com^ 
mencement of the scheme, the number 883 
was stated, as the maximum of widows living 
at one time, likely to come upon it, or to be 
derived from 20 "" widows left annually; and 
also, that 40 years was stated as the number 
of years necessary to bring on this tnaximum : 
whereas I wks satisfied, that the maximum of 
widows would not prove much less than 
400; nor the number of years necessary to 
bring it on, less than 60. In the former 

* See Table III. in a book printed at Edinburgh ia 
1748, entitled, .Calculations, with the Principles and 
J>ata on which they are instituted^ relative to a late Act 
of Parliament, entitled. An Act for raising and establishing 
a Fimdffor a provisitm for the widows and children ofiivt 
ministers of toe ekurchy and of the heads, principals^ and 
masters if the universities of Scotland ; shewing the 
rise and progress of the Fund. 

^ See note A, at the en4 of this volume* See like- 
urise the note in p. 89. 

editions 
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. dKtiom of this wark> I gatve a distiAct ao< 
Gouat «f tim. But I have hbdy recrhed 
such mfbrmation^as hath tionvmced me that 
my dodbts have baen in a great measortf 
groundless. I have learnt, iii particalar« 
that there have been several ealoulatioas sub- 
n^oefit ta those I had seen; and that this 
establiihment hat enjoyed advantages and 
|»roi/isiolis £ar its support which I was on^ 
afi^initited' with, and wlndi ^ve reason fof 
csfeetaijg that it will indeed be aMe to beaif 
file expence of 400 aimuitant^ sbould s^ 
many come opoci it I shomld only tixie most 
of ny Maders> were I to enter i»to an ao* 
Aount «if these advanti^es and provisions. Jt 
wi& be of mere importance to take tSm op« 
porMnity tx> observe, that the probsj^ties of 
mSb from which the determinations I \me 
Mentioned are derived, though much lower 
than the probabilities of life among thd 
asinisters and their wives m HootLhSvS 
am yet such as give the values of" fev«r$ions 
depending on survivorships among ti^em to^ 

In order to imderstand this; it must be 
considered, that the difference between the 
probabilities of life in difierent situations^ 
takes place much more in the first* and mid?* 

^ I owe this information to the luod and very dblisi^lt 
candour of the reverend and iogienioiis Dr. Wusms, S. 
Edinlmrgk. 

^ More particular notice mSL be taken of this at th# 
•oQcluaioo of the second Ess^y, 

die 
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die than in the last stages df life ; and l)iat 
the effect of this must be to imireoK the 
duration oi joint lives^ 9nd at the same time 
to lessen the duratioit of ^z^mcorjA^iii' those 
situations which ate most ^ ^vooirable to 
healthu .Or, in otfaec .words^lto^render .^ 
duration olf mariiage in^'.sndi' sitimfit»m> 
greater tiian it Mrocdfib otWwise he in ^rcn^ 
portion to the diuratibh of 'Widowhood; aiul^i 
consequently^ to reduofttrhe'^pKsentTahiBin 
annual payments duiing: mani^e, of any*- 
given annuity payable -idunng* widowisobd 
For instance. Wem the ptobabilides of life i 
among the ministers' ami til^eir wives i m • 
SeoTLANP the same that they ate by MtU' 
DeMoivre9 hypothesis^, or in iheB^akiw 
and iVbr/Aompton Tables- of Obiberykion, the^ 
duration of marriages- among theni/ taken* ' 
one with another^ could not! be more than ' 
19 years. The duration of widowhood ' 
would be 22 years^ and: the maximum of ^ 
vsridows living at one^ time derived from 
^7 marriages constantly kept up, would be 
considerably more than 4 oo; Were the pro- 
babilitiea of life among them the same that 
they are in London, the duration of mar 
riage would be still less, and the duration of 
widowhood greatery and the maximum of 
widows derived from Q&7 marriages, could 
not be less than 5 00. But the fact is, that 
the duraition of marriage among them is 22 
years nearly ; and that of widowhood about 
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M yesuTB and a halT. And it appears also, 
from aoooimts takes annually, that the mim« 
ber of widows living at one time, derived 
from the whole body of mimsten and pro- 
fessors, does not exceed 400. It is, there- 
jfose; certain that a amaUer income must be 
suj&nent Jbr tile aopport of this scheme than 
would be oeoess^iTi acooiding to the proba- 
bilities of life in Ae Tables just mentioned. 
-i^And upon die whole; afier a carefel re- 
i^ew of idl die rirr— itsnr<s of tins est»* 
bKdunent in its prasest states I am well sa- 
tisfied that the snocess with which it has 
been hitherto attended, is likely to contt- 
nne ; and that k will in<ked prove a per« 
maneni foundation of tiiat assistance to the 
umhw and faiherleu which is intended by 
it---CautiDn, however, and vigilance, will 
for some time be necessary. Many more 
years must pass before it can receive a de- 
cisive confirmation from experience. Events 
have lutherto favoured it more than could 
have been reasonably esqiected. They may 
perhaps hereafter try it ; and deviations from 
probability may arise, wfaidi cannot be now 
foreseen. — ^But I ought to ask pardon for 
mjddng these remarl^. The veneraUe ffli« 



' See a note at the condittiaii of the Mcond Essay; and 
aho note (F), at the end pf this Tolume., Thcf nmoA^^ 
mum of^widows (supposed 395) divided by the oumbtf 
left amraally (or 19^) gives 204^ the etpectation of 
widoivhoed. See page 89^ and Note (A) at tfae end of 
this volume. 

nbters 
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nisters and professors concerned will, I hope> 
excuse me. They are eniinentlj distinguished' 
by their abilities and knowledge : and can 
have little need of any information which I. 
am able to give them. 

Further Account qf the Association among 
the London and Middlesex. Clergy; andqf 
the Establishment among M^Muiitlien and 
Pkofeisors tfi SooUatid. 

JLHE Clergy of London and Middleacr 
i|greed/in 177A». to new rules and orders, 
bj which such fines were' required »^ ao« 
count of a rabscHbe/s ^ceeding the age . 
of 40, and being older than his wife) 
and such reductions Wade ii) the 'anQuities 
as' wpuld probably hare retodered 'the cos^ 
tributibns ad^iquate to the expences , of the 
asQsociation. But the event has been, that iu 
consequence of this necessary ireforxQatioUt 
the Association bias dwindled^ and. i^ now 
sunk so low as not to be likfly tQ f ubsist 
much longer. 

On the contrary. Thp Es^i)blument amoog^ 
the masters and professors in Scotland has ! 
prospered to a degree whidh gives reason to 
believe that it cannot fiul to answer ih€ 
ho|^ of the venerable body interested in it 
llus has been owing chiefly to the great 
ability and faithful zeal of the Rev. Dn 
Webster, its founder and conductor.— To 
the account already given of it in the Second 

1 2 Section, 
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Secticui^ {i!^U^ ^^^ this opportunity to add 
tfTe foitoteing 'particulars. , J ' ' 

' pf; W(^bisTer (having, when the plan was. 
flr^t' /9rme^ 38 years ago, n^p certain data. 
to go'upfony assulnecl S2 as the medium age 
at which the widows of ministers womd 
commence . ^annuitants.. By . calculating on 
t&is supposition, and taking the chances of 
life' as thejr are in }>r. Halkys Tabl6, he 
fottftdtMcM^iiuiQber of annuitadts^ii the 
scheme at Lady-day .1)^80. wouid be Z\o, 
— TI^i^.&Qt is, that they were thi^n 304; 
«fiti ihat consecjuently* there was, even ip this- 
W^ of^cajculitinj^, a '^f&'fenre ^ *«ir in fa- 
votir o^tlfel^ds w^fgft ^pprt the scheme. 
-^-r^fik^^e estaBli^hineht pf the scheme 
i^^aBb^rt (festoveliMi^that the inediurii age* 




crtper ib'puf \^^ schenie to a . lie^eref ' trial, 
iftsatuteda new talculatioxi/ on the su|>posi- 
tidri'lfiat^he il^ediurfi age i^ ifo/inbre than 
AfA, kM ffeurt(t that 0n ^ tHiV supposition the 
i^riib^ Zi antixrttant^ 'at Whitsuntidfc i;r8o • 
would be 328. Tlyjs haa^made a stilt^eater 
ciif^r^ic?^' in i^ E^tablishm^t, 

a!id' gives' kyejtV Encouraging ptosjJ^t of its 
st^^ih^t^f '^\^^^ fiavihg been 

. ifi rtealit\( pt'ovided fqr lairing the.expences,. 
had*thV'annuit&ate5 iiicJeased as inUni^'last 

cnlcr^tiq^.'-' "v" .;'^\ ' ' ■ •" 
, • IJad 5 ^ Ifeeh thi^ mean age of the 'widows 
\i'lteri they coctinience such, the maaifnum of 
' Widows 
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widows Ixvinir at one time derived from 3P 
left annually, would be 334, accordiigg^ta 
Dr. Halleys Table ; but supposmg it no more 
than 44, this maximum wmild ^^ffceecil ^©o ; 
and the enquiries which have ')^env-i?asi/d& 
give reason to expect that it will ;n^ faU 
much short . of this number. Dn ^cbstej;; 
therefore lias in his last calculation^iT^koii^ 
Jed upon the increase of the annuitant^ t9) th^ 
number; and for this reason, an4 to -s^ 
cure more certainly the Ivstablishment, a new 
act of parliament was procured in l779i by 
which, among pt]ier iieW; proyisionj^ i|. wap 
ordered, tliat the inqrea^e of the capi^H^^^ 
amounting to ;^75,o§8) should not l^e^$r 
<:ontinued till it rose to i(5iop,OQ.o.-i7:r*--'J^lii$ 
capital, joined to th^ apn#a]i.:Coij,tfibuti<>n^ 
will probably be an • ample support ,to tl^f 
Establishment, should the numbejc pjf annui«- 
tants (which will go on to increase /jfbr near 

forty years, more) become at last'4oo. f 

Circumspection and caution, however, con- 
tinue to be necessary, because still unfavour- 
able events may ari^e, which no human wis-, 
dom can, foresee. . 

Having bestowed a good deal qf attention 
on this institution,,! capnot take leave of it 
without congratulating ^r- Webster on hi^ 
happiness. By being the founder of tbi* 
ccheme, and by the care with which he has 
watched its progi;^s, and conducted it to 
its present state of maturity, he has entitled 
hioa^Jf to the blessings of many indigent 

widows 
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widows and orphans, and made it impossible 
that he should be ever remembered in the 
dittich of Scotland without gratitude and 
respect. 

It is much to be wished that institu* 
tions of the same kind could be establja- 
ed in Ewkmd. Some efforts have been 
toade to UM purpose. The reverend and 
ingienious Mr. Gamdy of Plymouth, having 
wuh much labour and ability prqiaied 
a plan of this kindt endeavoured in \ JJA 
and 1775 ^^^ ^^ established in the diocese 
€i Exeter. Had he succeeded, the benefits 
arising frotn it would have become in a lit- 
tie time very conspicuous, and an example 
would have been given which would per* 
haps have been fplTo wed in other dioceses* 
But h^ did not meet with sufficient encou- 
ragement, and the scheme was given up. — 
Bemg unwilling that the time and pain9 
whibh were employed in digesting and cal^ 
culating the tables for this scheme should be 
entirely lost ; I have inserted some of the 
principal of them among the Tables in the 
next volume.— ~Tbe Rev. Mr. Cfrant, of 
Heniy upoQ Tfutmeg^ l)as been also lately 
engaged in soKciting encouragement to a 
similar scheme; and I heartily wish him 
the succq^ his benevqlence and abilities de* 
serre\ 

a 

^ Tliii fdMie Itts duited the firte of Mr. GsBcly's. M, 

4ccoutit 



Account of a Scheme established among the 
East'India Commanders. 

X HE East-'Jndia Commanders six years ago 
entered into an association for the purpose of 
providing for their nominees^ and did me 
the honour to desire I would recoipmend a 
scheme to them* They a|>proved the. fol«- 
lowing, and hare adopted it<— Eveiy mem* 
her is entitled to <£'6oo payable at his death 
to his nominee^ in con^deration of J^so at 
his admission, and deven aimmal payments of 
sBiif the first to be made at the beginning 
of the second year, and the r%ht to eyery 
payment to depend on the oontinuaace of 
the life of the subscriber. No subscribert 
must be admitted whose ages are not less than 
£0 ; and their mean ages are reckoned at 40. 
In calculating this scheme, interest was 
reckoned at 3-^ per cent. ^; but a much higher 
improvement hss for some years been made 
of money, and the scheme has escaped the 
danger of being too much loaded in its in- 
fency. I am satisfied, therefore, that, with- 
out 

^ The valoe, by Tabk XVII. in the next volume, ledc- 
oning inteneit at 3{ per enU. of an annuity for eleven 
years, on a life aged 40, the fint joayment to be made at the 
end of a vear, ia bv Quest. Vl. Chap. 1. 7.895.— The 
annuity, therefore, being d^25, its value is j£^197, to 
il^hich j^50, (the first payment) added makes 4^247; 
whtdi is also, by Quest. X. the value, r^koning the 
same interest, of ^500 payable at the death of a person 
aged 40.*— The same oootriliutions, supposing money 
impivved tXSper cent, would eotiilea ai>minee to ^€O0: 

A 



» . 



1 26 Jccount of a Scheme esiahltshed 

out altermg the contributions, the sum pay* 
able to nominees may with perfect safety be 
increased to ^550. Indeed, I should be in 
no pain wore it evenadTanced to ^6oo, pro- 
Tided only the contributions were made in 
guineas^ instead ef fiounde, and all savings 
made to accumulate in the short annuity for 
27 yetos from Chrismas las t T lie pro- 
gress of such an association win be as fol- 
lows. — ^Suppose it to consist of 46 members^ 
Inept up from year to year by admitting, as 
old members die off, new ones at the mean 
age of 40. At £rst, according to Mr. De 
Moivret^ hypotheias, only (me member will 
die aMwally; but, after a certain period^ 
iwo wiU die annually. During this interval 
there wjdl be savings which will raise a stock, 
the interest of which, when added to the 
annual contributions, will be just sufficient, 
when two members . come to die annually, 
to pay two claims. — Supposing each claim 
^fidG^,;theexpence of the association, tvhen 
greatest v^'ill be ^1 loo per ann. The con- 
tributions at that period will be first, ^50 
each (or .isSloo in all) from two new mem- 
bers admitted every year; and ^25 each 
(or ^450 in all) from 18 « other mem- 
bers who had not been admitted more than 
eleven years, llie remainder (or a^550) 
necessary to make up ^i l oo per ann. will be 

^ Out ai a body of new members .derived from two 
iMlmitted every year at 40 for 1 1 years, it may be expected 
that two will die before tbe end of the lltb year. 

v^ the 
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the interest of the capital, which, therefore^ 
if lodged in the three per cents* must be 
^18,333. When, therefore, any such asso^ 
elation consisting of 46 members has raised 
this stock ; or, if it con^sts of any other 
number of members, when it has raised a 
stock in the same proportion to it, that the 
standing number of members bears to 46, 
V it will become a reasonable object of con- 
sideration whether the increase of its stock 
should not be discontinued, and all subse- 
quent savings, should any arise, be employed 
in either lessening the contributions or in- 
creasing the claims \ sect, 

' The examination of this Society's a&irs was referred 
to me in the year 17^7? when it appeared that the num- 
ber of tboge members who had coropleated their eleven 
Cyments amounted to 29, and the number of those who 
ving been admitted at late periods had no^ completed 
their payments amounted to 47. — At that period, or 21 
years after their establishment, 38 deaths had taken place, 
which exceeded the number that should have happened 
an^cordiDg to the Northampton Table in the proportion of 
4 to 3« But the premiums having been computed at 3^ 
per cent, while their money had been improved at 5 per 
cent, the increased number of claims was balanced by 
the increased accumulation of the capital, and therefore^ 
had their stock, which then consisted gf ^'690 per annvm 
in thq Long Annuities, and an Exchequer Bill for ^1000, 
been sold for the sum which was originally paid for it, 
a considerable surpbis, after dkcfaarging all demands^ 
would have been left in &vour of tlie Society : But th« 
subsequent depression of the funds so for lessened the 
value of the Society's capital as, not only to destroy that 
surplus, but even to produce a dejidvncy to a larger 
amount. Happily, however, the funds since that Pe- 
riod so far recovered as to restore the affairs of the Sp* 
cifty, and to render tlieni secure, (a) 

(a) Since writing the above, ;be purposes for which 

they 
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SECT. m. 

• ft 

Qfthf beit Schemes ft^ providing AnnmHei 

far Widows* 

Institutions for providing widows 

with annuities would^ without doubts be ex- 
tremely useful^ could such be contrived as 
would be durable, and at the same time easy 
and encouraging. The nature of things do 
not admit of this in the d^ree that is com- 
monly imagined. The calculations and rules^ 
in ttve preceding chapter, will enable any one 
to determine in all cases to what rever* 
sionaiy annuities any given payments entitie, 
according to any given valuation of Uves, or 
late of interest From Quest VII. and YIII. 
in particular^ it may be inferred that (interest 
bdng at 4 per cent, and the probabilities of 
fife as in theBreslaWfNorwich,andNorthamp^ 
ton Tables) for an annual payment beginning 
immediately of four guineas during marriage ; 
amd also for a guinea and a half in hand» on 
account of e&ch year that the ^e of the hus- 
band exceeds the age of the wife ; every mar- 
ried man, under 40,^ might be entitled to an 
annuity for his widow, during /{/e, of ^5 if 
he lives a year ; d8lo if he lives three years ; 
and ^£20 if he lives seven years. 

lliey were o: iginally assodated no longer existing^ tbe So • 
ciely .disBolTed themselvet^ and every Member iceeived 
ibtfull value of his Interest in the Capital. M* 

If 



If such a aodety chuses, that those who 
shall happen to continue members the longest 
time^ shall be entitled to stUl greater aiH 
QoitieSy six guineas, additional to all the other 
payments at admission, would be the full pay- 
ment for an annuity of ^25, and 12 guineas 
for an annuity of ieSO if a member should 
live 15 years. 

All bachelors and widowers might be en- 
couraged to join such a society, by admitting 
ibem on the following terms. — Fcntrguineoi 
to be paid on admission, and three guineoi 
every year afterwards, during celibacy ; and 
on marria^^ the same payments with those 
made by persons admitted after marriage; 
in consideration of which, ^l per aimrim, for 
every single payment before marriage, might 
be added to the annuities to which such 
members would have been otherwise entitled. 

Eor example. If they have been members 
four years, or made five payments before 
marriage, instead of being entitled to life-an- 
nuities for their widows of only ^5, ^lo, 
^20, «8^25, and ^30, on the conditions t 
have specified, they might be entitled to an* 
unities of ^10, dSi6, <3§25, ^30, and ^35. 
Or, if they have been members nine years, 
and'made lo payments, they might, instead 
o^ the same annuities, be entitled to annuif 
ties of dBi 5, ^20, 5^30, ^35, and ^40. — 
In this case, the contributions of such mem* 
hers as should happen to-desert, or dieSn ce* 
libacy, would be so much profit to the so- 
ciety. 
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1 2i Of the best Schemes for 

ciety, tending to give it more strength and 
security. 

This is one of the best schemes that 1 can 
think oC or would chuse to recommend. 
But in the following scheme there is a, sim- 
plicity and fairness which seem to give it a 
particular preference. 

Every husband, be his age; what jt will, 
for a single payment at admission, of ^15^ 
With ^l...lo^. added *for every year tha,t his 
age exceeds his wife's, and an annual pay- 
ment of ^S during marriage, j[the first to 
be n\ade at the end of a year) might eh* 
title his wife, should he leave her a wi^w, 
to an annuFty of ^lo for her life, if he 
lives one year ; ^1 1 if he lives ttvo years ; 
^12 if he Eves three years ; and so on r the 
annuity to increase continually at the rate or 
^1 for every year that. the huspand lives 
beyond one year.— ^ — ^Any addition to these 
j^ayments might entitle to a proportionable 
addition to the annuity, and to its increase; 

• ^And should any husband under 4o wish 

to secure a sum for his children, provided he 
should leave no widow, he might for ever^^ 
Annual payment of nine shillings^ during 
/j/e, entitle them to ^50, payable among 
them at his death, whenever that shall hap- 
pen. Making all these payments guineas 
instead of pounds, might probably be suffi- 
cient, if the number of subscribers is con- 
siderable, to defray the ^xpences of manage- 
tnent 

There 
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There is one particular advantage whicU 
societies formed on plans o^* this kind would 
enjoj y. — ^Persons who know themselye;5 sub- 
ject to disorders which are likely to' render 
them short-liyed, will have no great tj^t^- 
tations to endeavour to gain admission into, 
auch societies ; and, if admitted, the danger 
frQm them will, be less than on any other 
plan. Were it not for this danger, the fpl* 
Ipwing plan might be recommended. 

« 

In the plans hitherto mentioned it is im-. 
plied, that, if either a member or his wife: 
dia? within any of the peiiqds specified, tlje^ 
additional annuities, that would otherwise^ 
have become due, will be lost But it wpuldl 
be much more agreeable to a purchaser, that, 
they should be made certain to his wife, pro- 
vided §Ke iives to the end of these periods* 
though in the mean time his own life should' 
fail. The value of such annuities may be^ 
computed by tjie rule in Question IX. 
Suppose, for instance, the scheme to be 
that a v^rife shall be entitled certainly to a 
li^annuity of ,3^20, the first payment of 
" which shall be made at the end of 1 2 years, 
'^ provided. she should be then alive, and^ her 
** husband dead ; or at the end of any year 
^'.beyond this term in which she may hap- 
^ pen to be left a widow.** Suppose it ^Isq 
stipulated, " that she shall be entitled to 

y See aaotber advantage mentioned uader Question 
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^ ^10 mor^ or ^80 in all, on the same 
^* terms, provided she should lire l6 years.** 
«7-The value of such an expectation (interest 
being at 3 per cent, and theprohabilities of life 
as in the Northamptoh Table ofObservationrf) 
will be, in the most conrenient round sums, 
supposing none admitted above 50 years of 
age, seven guineas in annual payments to be 
continued during marriage, and to b^in im-* 
mediately; besides four guineas inspresent 
money for every year^ as rar as 15 vea^fi^that 
the husbands age exceeds the wifes, if ^be is 
between 40 and 50, and three guineas on the 
same account if he is under 40 ; Or,, if the 
whole value of the expectation is given in 
one present pay tnent^ x70 added to a guinea 
end half for every year that the husband's 
age &lls short of 50, besides the payment just 
mentioned on account of disparity of age. 

The value of this expectation at 4 per 
cent, is six guineas in annual payments ; be- 
sides three guineas in present money, for 
every year that the husband^s age exceeds the 
wife's, 4f he is between 40 and 50; and two 
guineas, if he is under 40 ; Or, if the whole 
value of the expectation is given in one pre- 
sent payment, ^56 added to ^l...5^. for 
every year that his age falls short of 50, be- 
sides the payment last mentioned on account . 
of mequality of age% 

He 

"Supponng IG years the only tenn, the annuity jfSO^ 
and interest at 4 per ceni/the proper payments will be 
nearly, in the case of equal ages and single payments, 

J&4o 
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He that will give himself the trouhle to 
calculate, agreewlj to the directiona in the 
Questions to which I have referred, will find 
that, taking all particular cases together, the 
rules now given com^ as near the truth as 
there is reason to desire in an afiair of this 
natore, the defects in some cases hdng nearly 
compensated by the excesses in others. 

These determinations are agreeable to the 
probabilities of living in Dr. Halley\ as w^ 
as the Northampton Table of Observations^ 
IHT Tables 5th and 17th in the next volume. 
These Tables seem to give a proper medium 
between the difierent values of twm iand 
country hves. In the country the probabilities 
of living are much higher ; but in London^ 
and probablj in all great towns and some 
snuMer ones, they are much lower. 
* It is proper to add, that, according th 
the vahies of lives deduced both from the- 
Ldmdon and Dr. Halleys Table, and taldi^ 
interest as low as 3 per bent all women.* 

if 4fr— if 40— j^29, IB tbe age of the man is SO, 40, or Sa 
Or, in mmal payments, ifS.SO-^ifS.GG— if3.13w— 
Siqiposiiig the woman'& age 10 years less than the man's^ 
the same values will be, in single payments, if 58.92— ' 
if5e.56-— ifSS.66— in annual payments if4.6S->;jf5— 
if 5.41. It appears, therefore, that a society, supposing 
money improved at the rate of 4 ter cent* ought entitle aU 
married men indiscriminately y wno are under 50 years of 
tm^ to such an expectation as this for their wives, for ei- 
met if 60 in one payment, or five guineas in anrntal pay* 
ments.— But equity requires, that diSerent payments should 
be made according to the different comparative ages of meii . 
and tlieir wives. 

whose 
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wtiose husbands are under 50 years of age, 
migbt be entitled to aiii annuity of ^24 
during life (the first payment to be made at 
the end of the year in which they shall b« 
left widows) for the sum of ^loo, sap- 
posing ^3 additional given on account of 
every year that they are younger than their 
busbands.- — ^At 4 per cent, ^n annuity of 
^30 rnight be granted on the same terms. 

In the year 1690, the company of Afercerjr 
in London adopted such a scheme as that 
last mentioned . For ^ 1 00 in one present pay^ 
ment, tliey entitled every subscriber to a life^ 
. annuity for his widow of ^30 ; and thi^, at 
■that lime, (when money bore 8 per cent, in- 
terest) was considerably less than the.v^lue 
of the money advanced, supposing men and 
Aeir wives of equal ages. As the interest 
of money sunk, they sunk also the annuity, 
nrst to ^25 and then to £20 and ^15. But 
at last, after carrying on the scheme for above 
*o years, finding the burden of the annui- 
tants too heavy, and likely to go on increas- 
ing, they were obliged to drop the scheme 
and to stop payment In a little time^ how- 
ever, by a parliamentary aid of ^3000 per 
annum, they were restored to a capacity of 
m^ing good all their engagement!, and of 
paying their arrears. — ^Their failure is, in- 
deed, iTiUch to be lamented ; for, in conse- 
quence of it, the public has lost the benefit of 
ah institution, that for many years promised 
the happiest effects, by encouraging marriage, 
3 * and 
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and a^brding relief to indigence. The rapid 
fall of the interest of money ; their admit* 
ting purchasers at too advanced ages ; and, 
particularly^ their payihg no regard to the 
difference of zigt between husbands and their 
wives, must have contributed much to hurt 
them. Some of the principal causes, there- 
fore, which have rendered them unsuccess- 
ful, may be now avoided. 

It must, however, be remembered, that 
the issue of the best schemes of this kind 
must be in some degree uncertain, ror want 
of proper observations ■, it i3 not possible to 
determine what allowances ought to be made, 
on account of the higher probabilities of life 
among females than males. No prudence 
can prevent all losses in the improvement of 
money; nor can any care guard against the 
inconveniences to such schemes, which must 
arise from those persons being most ready to 
fly to them who, by reason of concealed dis- 
orders, feel themselves most likely to want 
the benefit they offer. 

The societies, therefore, on which I have 
remarked in the first section of this chapter, 
would have reason to take warning from what 
. has happened to the Mercers Com pam/f were 
the schemes on which they are formed per- 
fectly unexceptionable. But 1 have demon- 

• Thb defect will, I hope, be in some measure re- 
moved by the Observations aud Tables m the next 
volume. 

VOL. I. K strated 
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stratcd that these schemes are very defective; 
and that the longer they are carried on, the 
more mischief they must produce. Tis vain 
(as appears from Quest, ill.) to form such 
establishments with the expectation of seeing 
their fate determined soon by experience. If 
not more extravagant than any ignorance 
can well make them, they will go on pros- 
perously for 20 or 30 years; and, if at all 
tolerable, they may support themselves for 40 
or 50 years ; and at last end in distress and 
ruin. No experiments, therefore, of this 
sort should be tried hastily. An unsuccessful 
experiment must be productive of very per- 
nicious efi^ects. All inadequate schemes lay 
the foundation oi present relief on yi£/wre ca- 
lamity, and afford assistance to afew by dis- 
appointing and oppressing multitttdes. 

As the persons who conduct these schemes 
can mean nothing but the advantage of the 
public, they ought to listen to these observa- 
tions. At present their plans are capable of 
being reformed ; but they cannot continue 
so always ; for the greater number of exor- 
bitant payments they now make to annui- 
tants, the more they consume the property 
of future annuitants, and the less practicable 
a retreat is rendered to a rational and equit- 
able and permanent plan**. They should, 
therefore, immediatelu "" either reduce their 

schemes, 

*» Seep. 90, 91. Sect. I. 

*" Thus ; were the London Annuity Society to make 

their 
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schemes, or change them into one di those 
which I have proposed; But, I airi afraid, 
this is not to be expected; The neglect with 
which they have received some remonstrances 
that have been already madd to them, gives 
reason to fear, that what has been now said 
will be in vain ; and that those who are to 
come after them, must be left to rue the con- 
sequences of their mistakes. 



SECT. IV. 



Account of some foreign Institutions for the 

Benefit of Widows. 

In the Preface to the first edition of this 
Treatise, I took notice of an institution for 
the sale of annuities payable on survivor- 
ship, established at Amsterdam^ which seem- 
ed to be then much encouraged, and into 
which, I had been informed, many had en- 
tered from different parts of Europe* This 
was so wretched a deception that it was im- 
possible it should long stand its ground; and 
I am told that it now exists no more. I 
have, therefore, expunged the notice I took 

their lowest annuity a^lO, the next ^20, and the highest 
£Z0, they would probably be safe. But, tfter proceed- 
ing on their present plan some years longer, such a re* 
duction would by no means be sufficient. 

K 2 01 
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of it in that Preface; and I will not here 
give any^ further account of it. 

In 1739, an institution was established in 
Denmark under the patronage and guarantee^ 
ship of the King of Denmark, which, with- 
out regarding ages, promised pensions to 
. widows at the rate of 40 rixdoUars per ann. 
for life, from the commencement of widow- 
hood, for every present payment of 1 1 o rix- 
dollars. This being less than the true value 
of such pension^ the fate of this scheme 
has been the same with that of the Mercers 
Company mentioi|ed in page 128. At the 
end of the year 1778, its whole fund was 
exhausted, and the Kin^ of Denmark found 
himself burdened with the support of 700 
widows, and an obligation to support as 
many more as would be derived from 15 00 
marriages then remaining undissolved. 

At Bremen, an institution was established 
in 1760, which promised annuities to wi- 
dows for a payment on admission of a sura 
equal to one yearly payment of the annuity 
purchased, and an annual contribution during 
maniage of 1 5 per cent, (or a little more 
than a 7th) of the annuity. These pay* 
ments are not much more than half the pro- 
per compensation for the annuities. The 
conductors of the scheme have therefore been 
obliged to reduce the annuities 10 per cent.; 
and they will soon be obliged to reduce them 
much more. 

The states of the duchy of Calenberg, of 
which Hafiover is the capital, established in 

1767 
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1 ^Q^ a like scheme, but on terms still more ' 

deficient; for, though it dilfFered from the 
two former schemes in paying a regard to 
the ages of married persons, yet, notwith- 
standing several augmentations, the contri- 
butions required by it did not two years ago (*) 
come up to half the value of the annuities. 
Great numbers, influenced probably by the 
lowness of the terms and the authority of the 
states, have been induced to encourage this 
institution. In \nQy it had annuities to 
pay to 600 widows, and consisted of no less 
than 3800 members or subscribers whose 
widows would be entitled to annuities. In 
consequence of a rapid increase, its insufR- 
ciency was not then become palpable enough 
to force eithdr a dissolution, or a timely and 
effectual reformation. It was, therefore, 
likely to lay the foundation of ^eat confusioni 
and distress. 

There are probably many other foreign 
bubbles of this kind, of which I have no 
knowledge. The information which has . 
enabled me to give this account I owe to 
Mr. Oeder of Oldenhirg\ and it is with 
particular satisfaction, that I can from him 
on this occasion add an account of one fo- 
reign institution for the benefit of widows 
which is founded on just principles, and 
likely to be productiye of great good. — ^The 
plan of this institution hsis been formed and 
the calculations for settbng its terms have 

(♦) That is, about the year 1788.— M. 

been 
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been made by Mr. Oeder, who appears in^ 
deed to possess an acquaintance with this 
subject so extensive and correct as to be per- 
fectly qualified for such an office. ^"Ilii* 

institution is intended only for the benefit of 
the inhabitants of the diocese of Lubec and 
the duchy of Oldenburg ; and the sovereign 
of this state has himself given it the sanc- 
tion of a statute, and guaranteed to his sifb- 
jects the advantages it promises. At prices 
deduced by calculations at 4 per cent, from 
Mr. SusmikJis Table of Observations, (See 
the Tables in the next volume), and agreeing 
nearly with the prices deduced by the rules 
in Quest. I. and IV. from the Northampton 
Table (or Table XVII. in the next volume), 
it offers to a married man any - annuity for 
his widow not exceeding 500' rixdollars, (or 
about a^88 per ann) ^payable for life; but 
with a power reserved to the husband of di-- 
recting that it shall be applied to the support 
of his children in case his widow should 
marry. 

This institution farther enables a parent to 
provide for his children annuities, (not ex- 
ceeding 500 rixdollars) payable to them in 
the event of their survivorship, till they are 
25 years of age. 

For example. To a husband, aged 35, this 
institution promises a life annuity of ^10 pay- 
able to hijs widow, for cither an annual p?y- 

^ Six German rixdollars make about a ^inea. 

ment 
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ment of ^2.. .155. 5^3-,.u. ^3.,.7s...4d. 
&c. or a single present payment of ^3 l...7s. 
3d. ^36, ..6s. <^4l.. 6s. &c. according as 
lie is of the same age with his wife, or 5, 
10, &c. years older. 

.And if he wishes to make a provision for 
any of his children, provided he should leave 
them orphans under age, he may purchase 
annuities payable to them from the time 
they shall happen to survive till they arc 
25 years of age, at the rate of an annuity of 
^10 for every annual payment during tlie 
joint lives, of ^1.^. 175... 4c?. ^l..A4s. 
^l..,7s.-Ad. or a single payment of aSip... 
14s. — ^l8...l2s...^Qd. ^}2...7s. according 
as the child's age is two, five, or ten * years* 
These values are greater -or less as the age of 
the parent is greater or less; and all tlie 
prices of such annuities, and also of an^ 
nuities for widows, are specified in Tables, 
for all ages and all differences of ages. 

The sufficiency of the receipts to answer 
the expences in this institution, as far as 
it provides annuities for widows, has beeri. 
proved by Mr. Oeder in the clearest manner 
from acpounts which have been collected in 

* It is obvious that the values in this case for every 
annuity of j^l are, in 2i shiErle payment^ the axcess of the 
value of the life of the chifd for as many years as his age 
is less than 25, tbpve the value of the joist lives for the 
saine time fouod by the Schnlkim to Quest. "VL; and, ia 
annual payments beginning immediately, tjie Quotitnt aris- 
ing from dividing the single payment by*the value just men- 
tboed of the jqiut Uves, with uaity added* 

the 
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the duchy of Oldenburgh of the duration of 
1273 mai riages, and compared with accounts 
of the duration of the widowhoods derived 

from these marriages- One circumstance 

in these accounts deserves particular notice. 

The ages of the men, one with another, 
when the marriages just mentioned commen- 
ced, was 32 Y years ; of the women 28 years. 
The men lived after marrying 274: years; 
the women, 3 1 years and nine tenths. The 
former, according to Mr. SusmilcKs Table 
(and also nearly according to the Northamp^ 
ton Table of Observations), should have 
lived only 27 years and one tenth ; ?nd the 
latter, 29 years and eight tenths. The 
former, therefore, having exceeded the du- 
ration of life exhibited in the Tables only 
six teuths of a year, but the latter having ex- 
ceeded it above two years, it follows that 
women, notwithstanding the hazards of the 
critical periods and of child-bearing, live 
longer than men. 

I will add, that by examining 154 of these 
marriages, I find their duration to have been , 
one with another, 2 1 years and a quarter, 
and the duration of the survivorship of the 
widows derived from them, 19 years. Had 
Mr. De Moivre's hypothesis of an equal 
decrement of life been just, the letter would 
have been longer than the former. The 
reason why the contrary happens has been 
given in p. 1 1 3, &c. 
^ In these marriages (if I may judge from 

examining 
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examining only 140 of them) four widows 
were left to three widowers, which shews ^ 
chance of survivorship in favour of the wife 
in marriage, greater than could have taken 
place, had there been no other reason for it 
than inferiority of age. 

At Hamburgh, an annuity scheme has been 
lately established of a more comprehensive 
nature than any of the schemes which have 
been hitherto mentioned; but the account of 
it will be more properly given at the con- 
clusion of the last section of this Chapter. / 



SECT. V. 



Of Schemes for providifig Annuities for old 

Age. 

A GENERAL disposition has lately shewn 
itself, to encourage schemes for granting an- 
nuities to persons in the latter stages of life ; 
4nd this has occasioned the 6th Question 
in the former chapter; and, as a further 
and more particular direction in cases of this 
kind, I have thought it necessary here to give 
the following Table, 



Values 
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TslMs.^f H^Valoes in ope 
Ai«» fir HUfUi'^ pruent p^^fmtfU, 
tcr 50, to per- interest 4 per 


IntcTfft 
3 p«r cent. 


Valim in tHnn-t 

al paifmmU till 

50, to bef^in at Intemt 

tlieend of a year, S ptr ttni. 

mtert«t4jper d. 


10 


1.235 


2.015 


.079 


.113 


15 


1.583 


2.444 


.106 


.146 


20 


2.028 

1 


2.989 


.146 


.193 


25 
90 
35 


2.594 
3.369 
4.446 


3.644 
4.508 
5.667 


,203 
.297 

.466 


.259 
.366 
.559 


40 


5.953 


7.232 


.822 


.950 


V«lMi »f Ike 
■Be uiBalty af- 
ter &5, lo a^ei 






Valoet in ••- 
Duml paymenis 
(ill 55. 


' 


30 


2.114 


2.937 


.197 


.211 


35 


2.722 


3.632 


.241 


.297 


40 


3.732 


4.708 


.394 


.464 


45 


5.083 


6.JJ5 


.703 


.803 


Taiaci of the 
■ane •unity, 
after flO, to aga 






Values in annual 
payments till 00 




35 


1.667 


2.290 


.135 


.168 


40 


2.234 


2.923 


.203 


.245 


45 


3.043 


3.811 


.327 


.384 


50 


4.255 


5.061 


.600 


.679 



The numbers iij the 2d and 3d columns 
of this Table, multiplied by any annuity, 
will give the value of that annuity in a single 
payment, to be enjoyed for life, by the ages 
corresponding to those numbers ih the first 
column^ (ifter the age at the bead of that 

column. 
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column.-:- And in the same manner; the 
numbers in the 4th and 5th columns will 
give the values in annual payments. — ^Thus : 
The value of 5^44 per annum, to be enjoyed 
for life, after 50, by a person now 40, (in- 
terest at 4 per cent.) is 5.953 multiplied by 
44, or 5^261.9 in a single payment; and 
•822, multiplied by 44, or ^36.17, in an- 
nual payments till 5o, the first payment to 
be made at the end of a year. 

In order to find the same values, partly in 
annual payments, and partly in any given en- 
trance or admission money ; say, " As the va- 
lue of the given a?muity in a ^fwg/epayment, 
(found in the way just mentioned) is to the 
given aitrance money ; so is its value in an- 
'* m^/ payments, to a fourth proportional; 
** which, subtracted from the value in annual 
^ payments, the remainder will be the annual 
" payment due, over and above the given 
" entrance money/* 



€€ 
U 



EXAMPLE. 

Suppose a person now 40, to be w^illing to 
pay iig200 entrance-money, besides such an 
annual payment for 1 years as shaU, tog«« 
ther with his entrance-money, be sufficient 
to entitle him to a life-annuity of ^44 after 
50. What ought the annual payment to be? 

ANSWER. 

4^8»55.— For, £261. Qy is to ^^200 a» 

1 £ZQ.\7> 
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£z6a 7, to ^27.62; which, subtracted from 
^36,17, the remainder is 5^8,55. 

This Table has been calculated from the 
probabilities of living in Table V. in the next 
volume, and Mr. /)eMo/Vr^'5 valuation of lives. 
The probabilrties of life among the inha- 
bitants of London, are (as I have often had 
occasion to observe) much lower than 
among the generality of mankind; and the 
values in the preceding Table, had they been 
given agreeably to the London Observations, 
would have been less. But, certainly, an 
office or society, that means to be a perma- 
nent advantage to the public, ought always 
to take higher ' rather than lower values, 
for the sake of rendering itself more secure, 
and gaining someprojits to balance losses and 
expences. 

' There have lately been established, in 
JJondon, several societies for granting such 
annuities as those now mentioned; and he 
that will compare their true values, as they 
may be learnt from the preceding Table, 
with the terms of admission into these socie- 
ties, as given in their printed abstracts and 
Tables, must be surprised and shocked. They 
are all impositions on the public, proceeding 
fix)m ignorance, and encouraged by credulity , 
and folly. 

It has been shewn ; . that the proper pay- 
ment (allowing compound interest at 4 per 
cent.) for an annuity of i£44 to be enjoyed by 
6 * a person 
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a person now 40, for what may happen to re- 
main of his life after 50, is se200 in admis- 
sion-money; besides ^8.55, or ^8.., lu in 
annual payments till he attains 50, the £rst 
of these payments to be made at the end of 
a year, — ^The conditions of obtaining this 
annuity, according to the present Tables of 
tht Laudable Society of Annuitants for the Be-- 
nefit ofAge,(*) consisting of about 1300 mem- 
bers are ^ ,5^76.. . 1 7s. in admission-jno7iey; and 
^6. . . 1 4$. in annualpayments. — According to 
theTables of thesocietyof Low^fon Annuitants 
for the Benefit of Age ^ the conditions of ob- 
taining the same annuity are ^30 in admis^ 
sion-moneyy and a^ 10 in annual payments. — 
The Equitable Society of Annuitants requires 
for the-same annuity ^38,..105. in admis- 
sioii-money, and ^13 in annual payments. 
The true vajue is, over and above the admis^ 
*ion-money just mentioned, an annual pay-' 
ment of <g^30. .. 1 75. (interest reckoned at4 per 
€ent.) or an annual payment oi £zQ...\5s. 
(interest reckoned at 3 per cent.) — ^TheLo»- 
don Union Society for the comfortable sup' 
port of aged members promises an annuity of 
no less than 5o guineas for life, after 50, to a 
person now 40, for ^40...105. admission- 
money, and ^7 in annual payments. 

The Amicable Society of Annuitants for the 

*" The first members of this Society have paid no ad- 
mission-money ; and are now ex^^ecting if 44 per anrmm 
for contributions which do not entitle them, one with 
another, to j£^10 per cmminin 

(*) Most of these Societies have long ago ended in 
niin. — M. 

benefit 



\ 



i 42 Of Schemes for providing 

benefit of age, prpttilses an atmuity of c626 
per annum, for life, to a person now 40, after 
attaining 50, for ^28... 165. in admission- 
money, and 566 in annual payiTients. — ^The 
truevaltre of this annuity is ^28... 16^. in 
adrntsston-money , and ^17... 8^. in annual 
payments, (interest supposed at 4 per cent.) ; 
or the same sum in admission-money, and 
^20... J 98. in annual payments, interest sup- 
posed at 3 per cent. 

The Provident Society for the benefit of 
cge, consisting of 1 280 members, promises an 
linnuity of ^25 to a person now 40, after 
the age of 50, for 34 guineas in admission* 
money, and eight guineas in annual pay- 
itoents. The true value is, 34 guineas in ad- 
mission-money, and ^15... 12.9. in* annual 
ipayments, interest at 4 per cent ; or, the same 
sum in admission-money, and ^ 1 9 in annual 
payments, interest being at 3 per centK 

But I will not tire the reader, by going, in 
this manner, through the schemes of all these 
societies. The contrivers of them, it is certain, 
can know nothing of the principles on which 
the rule in Quest. VI. and the demonstration 
of it in Note (B) at the end of this volume, 
are founded ; and, therefore, if unwilling to 
be guided by the authority of mathematicians, 
it may not be possible to convince them of 

« The account here given of the terttis on which k 

rer^on whose age is 40, is admitted into these societies, 
have taken from their printed Tables as they stood at 
the end of the year 1 77O. — ^In the younger ag«B, the de- 
ficiencies are greater, 

their 
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their mistakes. I will, hoifirever, oflfef to 
them the following demonstration, which 
will be understood without difficUltj, by 
every one who knows how to compute the 
increase of money at compound interest 

The value of a life at 50, (interest being 
at 4 per cent) is 1 1^ years purchase by Ta- 
ble VI, in the next volume. For an an- 
nuity, therefore, of £4A per annum for life, 
to be enjoyed by a person at this age, ^498 
ought to be given. Tito in three of a num- 
ber of persons at the age of 3^ will (by 
Tables V, VIII, and XYlI, in the next vo- 
lume) live to 50; and therefore, in order to 
be able to pay an annuity to them of ^44 
for life, after 50, the money now advanced 
by every threey ought to be such as will, ih 
consequence of being laid up to be improved, 
increase in 18 years to double .3^498, that is, 
to £qqQ. — ^From the preceding Table it may 
be learnt, that the money which ought to be 
advanced by every single person is <5ei65, or 
by three persons ^4Q5 ; and this, in 18 
years, will (as may be learnt from Table III. 
in the next volume) double inself, or increase 
to just the sum that will then be the value of 
the annuities to be paid. — But the money re- 
quired in this case by the Laudable Sociefr/^ 
is ^i4...lls...Q(l. from. each member at ad- 
mission> besides an af2?zz/a/ payment of ^4. 
'^riie admission-money, therefore, of two 
members, being <s^29...3.9....6^. may be in- 
creased to twice this sum, or to dB5S...7s, 

An 
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An annual payment of £4 for 18 years will, 
if perfectly improved at 4 per cejtt. com- 
pound interest, increase to <£l02 ^ and two 
such annual payments will increase to <£'204, 
as may be learnt from Table IV. in the next 
volume. 

The whole pay, therefore, of two mem- 
bers will produce at the end ♦of 18 years 
£262...7s. — ^A third part, I have said, will 
die before 50 years of age, and these will 
live one with another Q years. An annuity 
of c£*4 for this time, will produce a capital of 
j042... 6s. See Table IV. in the next vo- 
lume; and this capital improved for nine 
vears more will in trease to jL6o. The whole 
profit, therefore, from the member w ho will 
die is, his admission-money doubled and add- 
ed to ottio, or jL8Q^.,3s...6d. And this sum 
added to JL262...7S, makes £35l..AOs...0d. 
the whole money with which the society can 
be provided, at the end of 18 years, to, bear 
the expence of two life-annuities, worth to- 
gether ^996. 

By a similar computation it may be founds 
that the improvement of money at only 3 per 
cent, will sink the former sum to ^324 at the 
same time that the values pf the annuities 
will be raised to .^1 100. 

The deficiencies^ in the schemes of most 
of the other societies, are no less consider- 
able. — ^What confiision then must they pro- 
duce some time or other ? How barbarous is 
it thus to draw money frofti the public by 

promises 



I 
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promises of advantages that cannot be obtain^ 
ed> If are we not already sniTered too much 
by bubbles f 

I have said, that these societies are '* im- 
*' positions on the public, proceeding from 
*' ignorance, and supported by credulity and 
*' folly.** But this is too gentle a censure. 
There is reason to believe that worse princi- 
ples have contribpted to their rise and support. 
The present members, consisting chiefly of 
persons in the more advanced ages, who have 
been admitted on the easiest terms, believe 
that the schemes they are supporting will 
last their time, and that they will be gainers* 
Ahd as to the injury that may be done to 
their successors, or to younger viembersMis at a 
distance, and they care little about it. Agree- 
ably to this principle, the founders of these 
societies begin so low as not to require 
perhaps a fourth or a ^th of the values of 
the annuities they promise. Afterwards 
they advance gradually, just as if they 
imagined, that the value of the annuities 
was nothing determinate, but increased with 
every increase of the society. But, as no 
ignorance can believe this, thejrue design ap- 
pears to be, to form soon as large ^ society 
as possible, by leading the unwary to endea- 
Tour to hcforemosi in their applications, lest 
the advantage of getting in, on the easiest 
terms, should be lost* It is well known* thait 
these arts have succeeded wt>nderfiilly ) and 
that, in conseqvence of them, tbese societies 
vob u h now 
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Qow conast of ^ersoiis who^ £c» ^ same an^* 
nuitie9, make higher or lower payments ac-i 
cording to the time when they have been ad* 
mitted ; and the generality of whom, there- 
fore, must know, that either more than the 
values have been required of the members 
last admitted; or, if not, that they are them-* 
selves expecting considerable annuities, for 
which they have ^ven no valuable consi* 
deration, and which, if paid them, must be 
afolen firom the pockets of some o£ their fel* 
low'-members K 

I do not, however, mean to condemn all 
institutions of tliis kind. They may be very 
ipsefiil, if the full values are taken, and pro- 
per care is used in the improvement of money*. 
Interest, in these cases,ought not to be reckon*, 
ed higher than 3 per cent, and, supposing, 
money improved at this rate, a person* for a.. 
single payment of ^5o before he is 40, 
might be entitl(;d to a life-annuity of 1 Q gui- 

^ If any pemm wants more information thtn I Ynvm 
given him concerning these societies, he should consult 
a ivoric of great merit, published since the second edition 
<tf thb treatise, and entitled, CAtcULATtoKa dsduced^ 
JromJkU PrtHGiplei, in tke nwst familiar Mamer^ Zy 
plain ArithMetiCf for the Use qfihe Societies instituted for 
the Benefit of old Age\ intended as an Introduction to th§^ 
Shtdf if Me DmiWime rf jhmmiies. By Mr. Dah, • 
Mecaber of one of the Societies. In tfaia Traitiae tbcr? 
is not only a very ample account gtven of the insufiit 
dency and inlq^uity of the schemes cf these Societies, but 
the prindples on whieh the Triues of all annuities on 
single Utes ik de^eoninod, and die mecfaod! of cafculating 
theiB, are exptaioed inith th^greatest dcata^*' 
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nci$ n^hr 55; oe, i£he draaes it^ to a life- 
annuity of ^17 after ^. Biit if he ]^av8 the 
same mm before he is 84^ he m^t be en- 
titled to a life-aonuttj of i£l4 after fi6» or 
a£22 after Qo. ^25 would jpurchase for him 
half these annuities; and Aioo double. 

A society or office that would go on this 
plan, might do great service. Persons in the 
lower stations of life mi^t be brought to a 
habit of indostrjr^ in the beginning of life, 
by striving to get ^25, or j£6o, beforehand 
in order to purchase such annuities, and thus 
to make provision for themselves in the more 
advanced parts of life, when they will be in-- 
capable c^ labour K 

it 

^ Hie beoeroleDt Mr. Howard^ In his SiaU ct the Pri* 
sons ia tmglani and IVales, p. 60. OctAVo Edit, gives 
the following account of an institution at Harlem in IloU 
land. <* In tfiis city/* he si^, ** there is a noble hos* 
^ pical, airy and spsidoas^ called the Proeveniers, in 
^ which the persons admitted are decently provided with 
^' meai^ drink, and lodging, during their lives, «nd a 
*' burying-pbce at their decease. Persons of all ages, 
'^ from 20 to the most advaaced periods, ^re admitmly 
'* thou^^ it is Dot common for any under 40 to apply for 
^' adunsrioo. At entrance each person pavs a greater or 
'^ smaller sum, according to his age. If his age is SO, 
'^ he pays 4500; if 40, he pays 3900; if 50, he pays 
<< 3300; if 60, 70, &c. he pays 2700, 2100, &c. florins; 
^< and id proportioa to these suras, lat aU the latsmediate 
^' ages. — ^A common table is provided for all that are not 
^ sick «r infirmw-^It often happens that there are not va« 
'' cant places when persons desire admission* But many 
^ secure places befoe a vacancy, by paying 200 llorina 
^^in admmce of their eotrance^monor, in consequeoce' 
** of which their names are inscribed in a list, and the 

t 2 it money 
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It is pro|)ef to dbsdhfe here, that iiistitu* 
tions p£ thi^ kind wbuM Aa-nish one of the 
•wfesi ways of providing for widows^ — ^A 
married man mighty b^r paying ^loo before 
his wife attained 40^ intitle her, after 55, or 
60, ta a life-annuity oi' ^2 i , or ^34« Or, 
by paying the same sum before she attained 
34, he mi^t intitie h«, after the same ages, 
to a life-annuity of ^28, or 5^44^; and in 
this case he would have a chance of sliaring 
himself in the benefit of the annuitv. 

I have called this the safest way of pro* 
^dding for widows, because attended with 
none of the dangers arising from; dispropor^ 
tion of age between men ^nd their wives, 
and from the admission of persons labouring 
under concealed distempers. 
.1 cannot concli/de this Section, without 
mentioning the following plan of a provision 
for Old Age. 

I^t 13 guineas be given as entranct-^money ; 
and let besides ^1, £2; ^3, ^4, &c. be 
given at the beginning of the 1st, 2d, 3d, 4fli, 
&c years, as the payfnents for these years re- 
spectively ; and let the last payment be ^t6 
at the beginning of the l6th year. All these 
payments put together ^nll, according to the 

** money deducted from tlie ^um required when they 
** enter. — Tliose who chuse to leave the house, receive, 
^ during the remainder of their lives, a ^rtain but small 
^' interest for the sum which they paid at admission/' 

^ The same payment before 30, would ejultle to an an* 
ouity of £22 after 50. ' , 

probabilities 
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probabilities/ of Kfe in the 5 th or ath Ta- 
bles la the next volume, (interest being at 
4 per cent) entitle a person, whose age was 
40 when he begun thera, to an annuity, af- 
ter 15 years, beginning with ^15, and in- 
creasing at the rate of ^l every year, tijl 
at the end of 1 5 years, or ^ when he has 
reached to 70, it becomes a standing annuity 
of ^30 for the remainder of his life. 

If the addition of three guineas is made to 
the enttcmc&*Tnoney, forevery year that any life 
between 30 and 40 falls short of 4o, the va- 
lu? will be obtained nearly, of the same an- 
nuity to- be enjoyed by that • life/ after the 
satne' number of years, and increasing in 
the same manner, ttll it becomes stationary 

and idotib^. rThis plan is particularly" 

inviting, as it makeSHhe largest^ ^ymthti 
becoAie dub^ wheii the near approach of thci 
annuity renders the ^encouragement to tbeni 
grt^U^st; and as^ likewise, the annuity ig to 
fncrease continually with age, till it comei^ 
to be highest ^, vv^hen life is most in ikt 4^- 

■ -clMe^ 
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^ i^co;'ding to tbe . probabilities of lifi^ In i\\^ I^ondoa 
Tablei^tliw annuity' shpuldobe greater. — ^A Tktar^n for 
finclfng what tlie ani^uity ought to be ia these cases^ is 
given in Note (I),' at the end of this volume. . . j 

i"^ 3iie' lowers psrt trf.^xttankiDd are objeets of patticular 
co!Df)aBsioi^ ' when: reoderdi incapable, bjrvccidenty sick-n' 
ness, or age^- of tiuningy their subsikt)ence« • Tiua Has 
gir^ ti$e \o Bwny yeiy'iiipfvlaooiekiestuiioBgtbetti^ for 
gmmiiig.reUef tt^ ane.anothe^ outpf. li^iiiBds 8upplAs4 



H 



.150 C^ ScJiiMmfar prmriding 

cUne» and when therefore it will be moftt 
iisefiii«**-It is fiiitber a recommendation of 

' this 



by weekly contribution. A society of this kind, formed 
OD the fouowing plan, would probably thrive. 

Let the society, at its first estabiishmeat, consist of 100 
persons, all betu-een SO and 40; imd whose mean age 
fiQay therefore be reckoned 36; and let it be supposed to 
he always kept up to this number, by the admission of 
Bew membersi between the ages of SO and 40, as old 
membets die off. Let the contribution ef each member 
be four-pence p<r week, makinj^ from the whole body, 
an annual contribution of ^85...17<$.-'— Let ithe fiirther 
Supposed, that seven of them will fidl every year hito dis* 
orders, that shiJl incapachate them tor seven weeks^-^ 
j£S0...i2s. of the annual contribution will bejustsuffi-^ 
cient to enable the society to grant to each of tnese I2s, 
jterweek, dnrhig their illnesses. And the remaining ^$ 
,petmnUm,^llM c^and carefMg i mproved 9t Sf per ceni. 
yn}M»tf9i^fm tn ^ capital that shall be sttScient, aeebidiDg 
to the chances of \\i^ in Tables V, VIU, and XVII» in 
the next vohime, to enable the society to j^ay to every 
MeAibery afifr 6J yeai* of age*, or mpm entenng hb' 08tB 
yepuv an fwiiitj, beginning with if 5, mi inepeaiiDf at 
the rate^of j£l evm year £^r sev«n J^^ ^> At the agf 
of 7^9 Kt caipe to he a standing annuity of ^.12 for the 
lemainder of Bfe. 

^ Woe such a society tp nudce its contribution seven 
pence per week, an allowance of 15^. might he made, on 
the same ^ppositioi^ to every member during sickness ; 
besides the payment of an annuity begbning with jiS 
when a member entered hia ^th year, and encreasing for 
15 years, till, at Tjl, it became fixed for the remainder of 
life at ^20. 

If the probaiiSitias oi life ive loarfer amonr the labouring 
poor, than* anong the generality of maoJSndy this plim 
arili be ao moch Ae more aure qif wiccceding; 

laltlK^^mofUdi waa>ridi8bed,.eBtitM^ ^ Pf^ 
posei, Jbr^ eauJUUimgZifr j^mtmiies m ^ari^s, J^ the 
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this plan that less depends in it t>n the wh 

pro^ement 6F money than in most othet 

plans. 

benefit of the industrious Poor/" — ^ It is/* says tliis wiiter, 
^ a common (a) observation that the money annually 
** raised for the poor, amounts to, at leasts a miUion a 
** y^ar j and that vet in many places they are but indif- 
** ferently provided for. To make provision for one's 
^ old age IS so natural a piece of prudence, that it seem^ 
** at first sight Wonderful, that it should not be generally 
'' practised by the labouring poor, as it is almost uni- 
^* versally by persons in the nigher paths of industry : 
^ Nor <i/m their negligence in this respect be accounted 
^ for, in any other way so nattirally, a^'by ascribing it 
^ to their wanting proper opportunities of employing the 
^ money they mi^t save, in some safe and easy roeihod 
" that would procure them a suitable advantage from it 
^ in the latter periods of their lives. They km.V, for 
*' the most part, kut little of the pulTi^ JUrnds \ and* whcij 
^' it happens that they are acquainted wtth'ihem, th^ 
/^ smallness of the sum they would be entitled to receive^ 
•• as the interest of the money they could afftf)** to Uy 
*^ out in them, is no encouragement to them i^ dispose 
^- of it in that way. Whftt inducement, fbr Instance, 
'^ can it be to a man who has saved ten potmds out of his 
** year's wages, to invest it in the pt|rchasc of^ S per cenK 
*^ Bdnk annuities f to comider that ic will produce bin^ six 
*' or seven shillings a year? It is but the wages of three 
'^ days labour. And if they lend their money to trades- 
^' men of their acquaintance, as they sometimes do, it 
'f happens not unfrequentty that their creditor becomes a 
^ bankrupt, and the money they had trusted him with is 
^< lost for ever; which discourages others of them from 
'^ saving their money at all, and makes them resolve tp 
'' spend it in the enjoyment of present pleasure. But |f 

(a) llie amount of the poor-rate for one year at^he end 
of the reigh of Vmg Charles II.. was jr665,S6fe See 

Davenam's works, Vol^ I. p. 38. ^In t777> i* ^m 

if 1,556,804, according to the returns niade in that year 
to parliament by the overseers of the poor. 

« they 
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planiy — ^But I tpust leaye these fainta to be 
pursued hy; others. 

^ ' ' ' '- ^ The 



^ tkey nw an easy method of employing the monnr thcjr 
'< could spare in such a manner as would procure them a 
** consid^^ble income io return for it at some future per 
^^ riod of their lives, without any such hazar4 of losing it by 
'* another man*s folly or misfortune, it is probable they 
*^ would frequently embrace it : And thus a dimmution of 
*^ the poor-rate on the estates of the rich, and increase of 
<< present industry and sobriety in the poor, and a more in* 
^' dependent and comfortable support of them in their old 
*^ age, would be the happy consequences of such an estar 
*' biishment. , Now this might be effected tn the followiiy; 
« method.*' V 

First, '* Let the church-wardens and overseers of every 
<f parish be impowered, by act of parliament, to grant lifer 
^ annuities to such of the inhabitants of the parish as shall 
'< be inclined.to purchase tbeop, to commence at the end of 
^ one,* twos or three years, or sujch other iiitare period 9f 
^ time a3.the purchaser shall chuse, and to be paid out i^ 
'^ the poor-rates of tlie parish, so that the lands and other 
'^ property in the parish that is chargeable to the poor- 
<' rate, . shall be answerable for the payment of these an- 
^' nuities. This circumstance would give these annui- 
** ties grtat credk with the poor iuhabitf^nts, by setting 
^ before them a solid and ample security for the payment 
« of them." 

Secondly^ " L<et the annuities, thus granted to the 
^' poor inhabitants, be such as arise from a supposition 
** that the interest of money is 3 per cent, or some higher 
^ rate of interest, if the chiurch-wardens and overseers of 
** the poor think fit to make use of such higher interest." 

Thu*dly, ** But at the rate of S per cent, the purcliaser 
** should have a right to an annuity, and the church-war- 
'^ dens and overseers of the poor should be compellable to 
« grant it/' 

Foivthly, '' No annuity depex^ding on one life should 
<* exceed jfe^'lJO a year." 

Fifthly^ /^ No less sum than'' ^5 should be allowed 
*' to he employed in the purchase of an axmuity. — 
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Tbbe body of dissenting ministers in Lonr 
don had und^r consideration some time ago 

f Tkis is to av0id iatricacy aud mult%illcity. m the m^ 
^ counts." ' 

Sixthly^ *' An exact register of these grants should b^ 
*^kept, by the charch'Wardeos add overseers ^Ibe'poot', 
^' in proper books for the purpose, in wbieh. tb^eigranti 
** should be copied exactly, and the copy of each grant 
^ subscribed by the person 40 whom it is granted. And 
*' this eppy» Jn the register-book of the parish, should bo 
** good evidence of the purchaser's right to the annuity, in 
^' case the orl^nal deed of grant to the purchaser, whidi 
^^ was delivered to him at the time of the purchase, should 
•* be afterwards lost." 

i Seventhly^ ^ The money thus paid to the church^ 
<^ lyardens and overseers of the poor for the purpose of 
'^ h^Tai>puities, should be employed in the purchase of 
" 3 ph' cent Bank-annuities in the joint names of all the 
^^ cfaurdi^wardens and ^vefseers^ and by them transferrei 
'*^t the expiration of th«ir offices to their successors,' an4 
^' so pn to the next successors for cver^ so as to be 
^f always the legal property <jf the church-wardens and 
'' ovejfseers of the poor for the time bdng, in trust toi 
^ the: ^eis<»Qs who should .be eotitlAl to the several lifiy 
^ annuixie^, granted in the manner abovementioned; and 
*^ the 'interest of this money should be i'eceived every 
'f liaif year, and invested in the purchase of more^ prin- 
^tupal continuaDy, so us to make a.perp«lua) funo-for 
y the p£(y9ient of the annuities, &c. &c« Delidiencle?^ 
*^ if any sliould ever happen, to be made good .by the poor- 
/^'lates, &c. &(-/• - • 

. The very able and pobiic spirited writer CS the yam^ 
phlet from which I have taken this quotation, now Cursitar 
jparon of the Exchequer, took great pains to' carry -into 
execution the design he has explained in it. With this 
view, a bill, with suitable Tables annexed, was baought 
into tlie House of CommoQs and su(morted by the excel-- 
lent Sir George Samlle, the late Mr. Dowdesuwll, and 
many others of the most respectable members. It passed 
that House without much oppositbn, but was )^j6eted in 
fhe Hou$; of Lords. 

1 ' * aplao 
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:a jtftul^ of t!ib kiiid ; and a ^t of Tables 
*^ere ^mpo8^ for tbem. The desigA was 
dropped; but as it is possible it may be taken 
up agaib,. and the Tables may be of use^ I 
I^Te thoxigbt fit tQ preserve thepi by insert- 
ing 4jicm among, the additional Tables and 
Obserrations in the next rolume. 

\ddditional Account of the Societid^ for the 

Benefit (^ old Age. . 

oINCE the publicatioiiy in three former 
editions of the Observations in the pre^ 
ceding Section^ almost all the Societies men* 
tioncd in . it, ccmvinced of the inwiHciency 
iihd perriicious tendency of their plans^ have 
dissolved themselves and distributed ambng' 
thek sttbsenbecs the money tbey had paid» 
"With dueh interest or profit as iemaitic4 after 
d^ucting the expences of management; an4 
there «re now left within my knowledge only 
two of these societies which require any par« 
ticular notice. I mean, the Amicable and 
the Laudable Societies^br the Benefit of Age. 
The 'first : of tiiese Societies mentioned in 
p. 142, finding upon examination that, in^ 
stead of an annuity of ^26, they could not 
in reality afibrd to pay a higher annuity 
than ^8, determined, with great fairness, to 
leave if to the option of all their members, 
ettber to. continue their contributions with 
a view to this reduced annuity, or to tak« 

back 
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)>ack all they had p«id and. withdraw. Keal^ 
two hundred members hattog dioiseti this 
former, the Society now consists of therU 
only, and therefore can scarcely be in any 

danger. ^The other » Society, mentioned 

p. 141, has also sunk the annuity it pro- 
mises from d&AA to ^24; 'but it is cer- 
tain, that it cannot permanently pay^to all 
its members a greater annuity than ^15. I 
should lose too much time were I to give 
an account of the caloultftions t^ch prove 
this. H^ that would see •it ^ ffetfionstfated 
with all possible clearness, sh«MQd obniiult a 
Tract published in 1777/- bj^ Mr.:0i^^ 
titled, A Supplement to CdUmiation»' ^^ 
ducedjromjirst PHridjliei, Jkc. ' Nd person 
who undersbnds comj|fo6 ^ arithmdtic can 
avoid bdng tonvincfcd by f h# ^:*ri4derk* 
otfered in th^ Tract, nor cki SLhf^^nefi 
man avoid beln^ shocked by 'the nartaltive it 
tfoHtains of the obstin^c}^' With whidi tha 
majority iii tfm Somety • hni^^^rtevefed- if! 
error, contrary to the effottd of the triotd re^ 
^eatable part of the SodeCy ; arid irt d^i^6ef 
of reason, justice, and hiimaility. iWnii'Mi 
in short, speak more properly On this buIk 
ject than in the words df Mr. Morgan inliis 
Treatise on theD(H:trineqf]UJkA(n?mitiesiznd 
A^urances, p. 47. *' There is* one Societj^ 
'^'for the benefit of old age stiU left, <m 
^ which, none of the calls of justice and 
/". humanity have heen able io ifMke any pro* 
^ per impression. I mean the Laudtxbie So^ 
2 ** (nety 
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^ defy .of Artiiiiitlmts> who«e office is hdd 

^ 91 tbe bottom of Bctrthohmew-Lafie. In 

^ <qa|K>tkion to the plainest evidence, this 

** Society goes <m to ofier double the annuity 

^ it can atfbrd to pay ; and the late trans* 

** actions in it (as related by Islt. Dale in 

'^ bis Supplement) exhibit an instance of 

^sucb an obstinate and wilful persevc* 

^ ranee in iaiposltion as bath seldom been \ 

^ equalled*^— ^J| .am sorry to add/* says 

Mr. Morgan, *" thai; this censure is applica- 

* ble to another Society called also Lauoa* 

"* 91:^ but «Q re^ty ratiNicious, as many 

f^ (ji^ericig widotv^s ynXi SQme time or other 

"^^ fPtperiftBPC*** . . 

f It is b^fcte sat4» J&HA thi^' Society promises 

M^lei tbe.&iimut^ t. can^pay ; that is, ^24, 

when in jeality it cat> pay only ,5£i2 ;. where* 

^f^ I bavQ .said that it may p^ d^H* In 

erdorte explain thia difFerence* it is noccs^ 

s^ to observe tb9t Mr. Hale \pLBSt shewn 

t^ 4(1^15 Q«Mfly lis th£ annidty which the 

Society can a$cwd. to pay ^ according to the 

fjb^iGbCps of living in I>r. tlolleyH s>x the 

^es^lgtw Table; but that the chances of livn 

ilfg in the Society had for eight years l>efQre 

1 15 F^ ;", (when the puniber of the Society was 

l^bove 1300^ and its Hwk near ^96,000)* 

been found by particular enquiry to be not 

much lesi than dotfble tq those at the satoc* 

* I kaav not ^itet Ae nte of mortality in the Society 
Itps beao «ncc tUs year . 
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ages ilk the Table; from, whence it foIloin'B^ 
that the annuity payable .by the Sopiety being 
taiore valuable, it ou^t not to be so high as 
5^15, nor probably more than £\2. — ^The 
fact now mentioned is important, but not sin- 
gular ; for it has been found to take place: 
m other similar situations "" ; and the reason 
is, that Dr. Halleys and most other Tables 
of Observations give the chances of living as 
they exist in towns among men of all sorts 
taken in the gross ; whereas such Societies 
as those for the benefit of old age, and in 
general all purchasers of Irfe-annuities for 
themselves, must consist of a selectwn of the 
best lives. 

POSTSCRIPT. 

Since the preceding Observations were 
written, 1 have been informed that this 
Society has reduced its annuity from ^24 
to ^20. This reduction, togeUier with tiic 
high interiest at which money may be now 
improved (particularly in the short annuity), 
will prolong considex*ably the duration of the 
Society ; but unless jt is favoured by uncom- 
mon events, cannot make it permanent p. 

SECT. 

* See additional Observations on Ctnl Liberty, pi^ 
135. 

^ This prediction has been abundantly verified ; . for, 
after having gradually reduced their annuities to ^^""8, it 

appeared 
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SECT. VI. 

Of the AmiccAle Sodetwjbr a perpetual Aisu^ 
ratvce Office : And the Society for Equitable 
Aimrances on Lives and SurviwrMps. 

1 HE 1 Oth Problem has been given, with a 
particular view to the corporation of the 
Amicable Society/, for a perpetual Assurance- 
Office on single lives, kept in Serjeant' s-Inn. 
This Society was established in 1 706, and is 

•ppeaf«d firom aa imr^igatm. of their afikirs which hwl 
l>e6a made by myself in 1736, tliat the Society could not 
thea afibrd to pay their annuitants more than six guineas 
a year. The number of their members at thit time had 
sunk from ISOO to 204, while their claimants had in^ 
creased to 564, and their capital which had once con^ 
sisted of ^i^SfiOO stock in the three per cents, had been 
diminished more than one half. — It nas, however, been 
found from subsequent experience that, k>w as those an* 
irokiefi wet« theu reduced, the circumstances of the So- 
ciety required tliat they should be reduced still lower.— 
Jn the year 1796, in consequence of a fresh applicaticMi 
from this Society, I was engaged a second time in the 
examination of their afikirs* — At that period the annai** 
tantt were 47 1> and the members who had not become 
claimants amounted only to 24 — ^The residue of their capi-* 
tal had been clianged from three per cents into jtiGQOper 
anfmm in the Short, and jf 360 per annum in the Long An- 
mikies, which, from the extreme depression of public credit 
were then hardly worth ife' 17,000.— This depression, more 
than any other cause, had produced such a deficiency in the 
accounts of the Society as to render it absolutely necessary 
to reduce the annuities from 6 guineas to jf 5. — ^But they 
hare since been enabled by the imprpved state of the pub* 
lie funds, and other fevourable circomstances, to restore 
those annuities again to 6 guineas ; and it is probable dar* 
ing the remainder of their existence that they will escape 
the mortificatioii of submitting to another reduction. M* 

the 
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the only one I am aequatnted with* which has 
stood anj oonatdetable trial from time and 
eaqieriefice* It is limited hy its charter to 
the disposal of shares or numbers (not to ex^ 
ceed 2000) held by single Hres, and entitling 
tp dtdms when the lives drop. For each of 
these dbares every purchaser pays at entrance 
^7*««io«« besides 4£l..AU. as the first 
quarterfy payment of J&Q. . As. per ann. to be 
continued during life. An annual dividends 
of ^i..Ai. for eadi share is allowed to 
every purchaser out c^ the profits of the cor* 
poration^ whicH reduces the annual payment 
for each share to ^£5. Hie net annual itir 
come arisine from all the annual paypeota 
(making ^cio^ooo when the Society is Ml, 
and all the shares aie disposed of)» is equally- 
divided among the nominees of such mem-! 
bers as die within the year; which dividend, 
therefore, is more or less at the end of every 
year as a smaller or greater number of the 
members happen to die in that year. la 
I7i7t the Society et^aged that this dividend 
though it might be more^ should not be less 
on each share than ^125, and in 1770% that 
it should not; be less than ^150.-— -^No one 
person is allowed to purchase more than: 

^ Id 17579 the Society Iiad accumulated by its savings 
jS25fiQ0 three per ceni. atoek^ which in 1770, had bee^ 
increased to ^£SS|tOO; tad a part of thkstock was JuT 
these years appropriated to the payment of claims, when- 
enr the wmMt cf- tbam ia any^eak; should happ^Q to he 
so gseat aa to rander the actual ecNitriliutioiis iiisuffi«ieot to* 
make them up t<^ the guarded sitPVUr .r^ ...»::. . .i 

three 
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three shares; nor are any adAitted to be pnr^ 
<^9ers whose ages exceed 45^ or fall short 
of ]3; and all between these ages are ad*' 
milted on the same terms. 
* "Hii^ Society has, I doubt not, been very 
useful to the pubfic ; and its plan is such, 
that it cannot fail to continue to be so. It* 
might, however, certainly have boen much- 
more useful, had it gone from the first on a 
different plan. It is obvious, that radiating 
the dividends among the nominees by the 
number of members who die every year, is 
not equitable ; because it makes the benefit 
which a member is to receive to depend^ 
not on th« value of his contribution, but on a 
cofOingency ; that is, the number of members^ 
that shall happen to die the same year witihi 
him. This regulation must also have been 
disadvantageous to the Society ; as will 9J^' 
pear from the following account of the natural 
progress of the afiairs of such a Society, when 
established on « right plan. 

Suppose a thcusand persons whose com-* 
moti age is s6, to form themselves into a 
Society for the purpose of assuring a partis 
cular sum at their d^tbs^ to such persons as 
they shall natne, in CDoadcfation ^f a parti- 
cular annual contribution to be continued 
during tlieir lives. Suppose the annual con- 
tribution to be ^5, and the first payment '^ 

' Siicii MymcMs, h ha$ i)6Mi tliewn, Quaition VIII. 
p. 99, are Miter tlmsk say kulf^femiy w fuwrterl^ pay^ 
laents, and at the flMttima thqr 9aTe iMm tMtUe. 

' . to 
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to b*' 'blade imitiedktely'. ' Suppose; like- [ 
Wise the drigiitul ^titimbfef of the Sotiety to 
be constantly kept t^p by the admission of neW 
member^,* at' 30 yte'ars of tige, in thercotn 
of^ such* ^s die. — In Question X. p. 32, it 
appears, tMt aft ahtiudl payment^ beginniiig 
imxnediately, bf £5 during a life now at the 
age of 36, should entitle, at the failure bf 
sach a life; 'te £l72, reckoning interest at 
4 per bent, irld taking Mr. De Moivres va- 
Ination of liVds. — A thousand persons, all ' 
36 years of age, will die off at thp rate of 
20 every year. The disbursements, there- [ 
fare, of Such a' Sodiety will be, the first year, ^ 
20 titties ^1 72, 6t ^3,440, and its inconie 
will be ,5^5000. It will, therefore, at the end 
of the f^T, have a surplus of ^l,56o to put 
to interest. — In ccmsequence bf the yeatlyac- 
cessions to supply vacancies, the number dy- 
ing anhiially will be always increasing after 
the first yeah In 50 years • it will get to a 
maximum; and then the affairs of the So* 
ciety 'Will become stationary, and the num- 
ber dying annually will be 40^ and its an- 
nual expence will be ^6,88o exceeding the 
annual contribution, ^l,880. Bat, in the 
mean time, by improving its surplus monies, 
it will have raised a capital equal to this ex- 

* .This period liriil (by Question III.) be longer if the 
Soeiety is any time in filling, and admits nlembers at 
younger ages than 36. It will, for instance, be 84 years, 
if ^he Society is ten^eais in filling, and admits at all ages 
between 12 and 45. 

VOL. I. M cess 
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cess, arid, consequently, its afia^rs wilj be* 
fixed on a firm basis for all subsequent 
times* 

Suppose now that such a Society, at its 
establishment, should resolve to divide its 
whole yearly income among the nominees of 
deceased members. The eTOCt of this would 

« 

be, that no capital could be raised ; that the 
dividends payable to 7?0fii2nee( would diminish 
continually, till, at the time that the greatest 
number of members came to die annually^ 
(or at the end of 50 years), they would be re- 
duced to half\ and that all claimants, aftqr 
this period, would receive too little, because 
the first claimants had received too much ^ 

^ The reverse of this will take place, if such a Society 
legms with admitting at ail ages, and afterwards changes 
its plan, and limits the age of admission, in this case, 
the number of yearly deaths will be greatest at first, and 
the dividends smallest. In consequence of altering its 
plan, die yearly deaths will lessen gradually, and the azVf* 
dends rise; but iu time loth would return again to their 
original state. 

The following fects incline me to suspect, that that 
remark muy be applicable to the Amicable Corporation. 

First. In their original diarter, as it is given in their 

g tinted abstracts, there is no limitation of age mentioned ; 
ut 31 years afterwards, I find a bye-law made against 
admitting any person who should be above the age of 45p 
orunderl2. — Secondly. In their printed advertisements 
iir 1770> 1^ ^ ^^y t^^ in ^^ yevLts they had paid, ameng 
3,643 claimants, ^378,184, from whence it follows, that 
though the average of their dividends, for 17 years be- 
fore 177^9 I^^ b^n ^154, the average for 59. years, has 
been only J^104. 

^ At 
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. At the time of the institution of the Ami- 
cable Corporation, the interest of money was 
at 6 per cent, and, as they admit none whose 
ages are not under 45 y the mean age of ad- 
mission cannot be much greater than 36. It 
appears, therefore, that had they avoided 
the error now mentioned, and gone from the 
first on the plan I have described, they might 
have all along paid to each nominee £172, 
besides raising a capital much greater in 
proportion to the number of members, than 
that I have specified, from the premiums at 
admission, forfeitures, and other advantages 
which they have enjoyed \ Indeed, I can- 
not doubt but that on this plan, and with 
these advantages, they might have found 
themselves always able to pay at least ^200 
to each nominee \ 

I have already mentioned one, instance in 
which the plan of this Society is not equit- 



^ A surplus from a thousand memben of only five 
shillings per aTwum, duly improved at 4 per cent, would^ 
in 41 years, produce a capital of £25000. 

' It should be remembered, that all thil was said in 
tbe former editions, on tlie supposition that prob^t care 
has been taken to keep out unhealthy persons; tnat the 
ages of admission have never exceeded 45 ; and that the 
probabilities of life among the members of this Society^ 
are the same with those in the 5th, Sth, and l7th Tables, 
in tlie next volume. But I have lately found the truth 
tt> be, agreeably to the suspicion expressed in the last 
note but one, that for maay yeats after the fitst in- 
stitution of the Society, members were admitted at all 
ages. 

M 2 able, 
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able. Another instance of this is, their re* 
qtiiring the same payments from all per- 
sons Under 45, without regarding the differ- 
ences of their ages; wtereas, the annual 
payments of a person admitted at 45, ought 
to be double the annual payment of a person 
admitted at 12. 

Further. The plan of this Society is so 
narrow, as to confine its usefulness too much. 
It can be of no service to any person whose 
age 'exceeds 45 . It is, likewise, far from be- 
ing ptoperly adapted to the circumstances of 
persons, who 'want to make assurances on 
their lives, for only short terms of years.— - 
Thus ; thie trde value .of the assurance • of 
^150 for 10 yeirrs, Wi the life of a person 
ivhose age is 30^ i^ by ^est. XiV. (inter^t 
being at 3 per cent.) ^2;.,l3.t. in Annual 
payments (for lo years), to b^n at the 
end of the first year; and subject 16 failure 
when the life fails. But such an assurance 
could not be made, in this Society, without 
an annual payment of ^5. — ^Neither is the 
plan of this Society at all adapted to the cir- 
ciimstances of persons, who vs^ant to make 
assurances on particular survivorships. — For 
example : A person possessed of an estate^ 
or salary, which nrast be lost with his life, 
has a person dependent upon him, for whom 
he desires to secure a sum of money, payable 
at his death. Biit he desires this only as 
a provision against the danger of his dying 

Jirst, 
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Jirst, and leaving a wife, or a parent, with-* 
out support In these circumstances, he 
enters himself into this Society ; and by an 
annual payment of ^5 et^titles bis nominee 
to ^1 50. In a few years, perhaps, his nominee 
happens to die ; and, havipg then lost the 
benefit he had in view, he determines to 
forfeit his former payments, and to with- 
draw from the Society. In this way pro- 
bably, this Society must have gained some 
advantages. But the right method would 
have been to hUve taken from such a person 
the true value of the sum assured, " on the 
*^ supposition of non-payment, provided he 
" should survive." In this way he would 
have chosen to contract with the Society; 
and had' he done this, he would have paid 
for thedssurancey (supposing interest at 3 per 
cent, his age 30, the age of his nominee 30^ 
and the probabilities of life as in the 5 th, 
8th, and l/th Tables)* ^3. ..8s. y in annual 
payments to begin immediately, and to b<5 
continued during the Joint continuance of his 
own life, and the life of his nominee. 

y 'Hie value of jg^lSO payable at the death of a person, 
Qged SO, provided he survives anptber person of the sfone 
age, is, by Question XI. Chap. I. ^4S.65; and this 
value divided by 13.43 (the vaSue increased by unity, of 
two joint lives both 30), gives i6'3.4, or £S,..&s. — The 
value of tiic same rever^ioQ, according to the probabilities 
of life in lAUidon, b, ^4dA9, an mp payment; and 
^4.1Q, in anmtql p^ymef\% during the joint lives, the 
first paynoent to bjs ipside ifpiDcdiately . 

Further 
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1 HE a^ir$ of this Corporation have lately 
takfn a very favourable turn. The divir 
denjdsjt frora the annual contributions of dSs 
for pach number^ which for eight years, 
efnded in 1 7 69, had not been ^I5q on eac^ 
claim, have, for eight years ended at 1779, 

been nearly ^200*. ^The subsisting 

shares have increased from 1I20, (their 
number in 1769) to 1990 (their full comr 
plement nearly) in 1780; and in the same 
time the stock of the Society has been in? 
creased from ^33^300 to ^6l,30ointhe 
3 per cent, annuities; in consequence of 
which it finds itself now possest, aftor did* 
charging all expences, of a clear surplus of 
about ^1,350 per ann. ^In these circum- 
stances a proposal has been made to the So- 
ciety to discontinue the increase of its stock, 
in order to make use of the ^surplus in in- 
creasing the dividends on claims. This be* 
ing an mviting proposal, it is not surprising 
that the Society in general has shewn itself 

* This dividend for 1780^ was jfl92...65...1 |i.; but 
made up to ^193 in consequence of a discretionary 
power given the directors to take what sums they think 
reasonable from the savings to increase the dividends. 

disposed 
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disposed to accede to it.- ^The imprudence 

however of such a step will be evident from 

the following observations* -It should be 

considered, that the reason of the late in- 
crease of the annual dividends, has been the 
late inprease of the Society by the influx of 
young members. So great has been this 
increase, that the Society has been nearly 
doubled intwclve years, and tripled m the last 

30 years.- ^It could not, therefore, but 

happen that the number of deaths should her 
come much less in proportion to the num*- 
ber of members, than they were before the 
increase. The Society being now full, and 
admitting of no farther increase, the col- 
lective age of the members, and, together 
with it, the annual deaths, will be for some 
time increasing, till that part of the Society 
which consists of the late additions ■ come 
to die off tivke as fast as they did at first. 

During 

• 

* An tddition ci near 400 to the subsisting numbers 
or shares of the Society was made from 1749 to 1768; 
and of above 900 more, from 1769 to 1779.^— Even that 
part of the increase of the Society which consists of 
members to whom' the first of these additions has been 
owing, is at present fer from djring off so fest as it will. 
In truth, 50 or 60 years at least must elapse before this 
ean happen. See Question III. Chap. L I am told it 
has been asserted by some belonging to the Society, that 
a person about 40 or 45 is not less likely to die than a 
person 30 or SO years older, from whence, I suppose it 
js inferred, that the deaths now in the Society may be 1^ 
numerous as they . will ever be. It would be doing aa 
injury to the Society to suppose that it can be influenced 

by 
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During this interval thi^ ^ dividends wiU- be 
growing less aod less, till at l^st tbey- ivill 
fall below the dividend .which the Society 
ba3 guaranteed (or <3^l5o), and prpdjoce ^ 
necessity of entering into the capital, in order 
to make it up. And the reduction of the 
capital once begun wnll proceed faster 9nd 
faster till it is all spent ; and when sp^t^ 
the Society will be thrown back into th« 
#tate it was in before its increase, when 
frequently it could not afford a dividend of' 
^100 on each number. — Such will be the 
certain efiect of adopting the measure I havf 
pientioned. It is, therefore, imprudent ift 
the highest degree ; and I will ad4> that thQ 
injustice of it is equal to its imprudepce,;; fot 
it is benefiting the alder ^ p^xt of the ^^^^nt 
members at the expence of -the youngaif 
members, and. all present member^^at tlie 
expence o{ future ones. For a few years 
the dividends will probably, with the help 
of the addition of the annual profits, exceed 
^200, which will be paid chiefly among 
the claimants derived from the older mem- 

Vy siich aasertioDS. According to ftU obeerrationt oa 
bucoaa mortality, a body of men at & or JO-wiU die off 
twice. as fast as a body of men at 4^; and a body of isen 
^i 7^ ^ ^0 will die o^fon/r or ^five times as £ast as a 
body of luen at 50. The huiDaa frame/ after the afj/t of 
)2 or 15» is continually wearing out aad btfOomiHg less 
capable of combfiting the CHUses of mortality ; but more 
QC less sl'Kvly accordivig to the degrees of fiimittess witk 
ybicb it wa^ bailt> ai|d tb0 favourableness* os unftivoiiri^ 
^len^. o( tbe witu^Qos into ivbich it bapfxxis to faU; 

*• bers* 
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bcrs. BW after a course of years they will 
tink i6 Hitle more tbati ba]f; and at that 
peii^ the Society MriUconsirtctf the younger 
ipart of the present nienxbera^ and auch. mttf 
mejokb^rs as 9haU be hereafter adsnktad to. 
fiU up if!Kancies, who will therefore bie great 
heersp becaiuse their predecessors^ by n^ 
leetlcig to improve the estat% made tbene 
^Itcs too great gainerss. 

In: order to set this in a clearer li^t^ I 
would desire it may be considered that ac» 
cording to the mean probabilities of Che 
duration of life, a body of people at the ago 
of 36, will, one with another, live 26 yearac 
It must, therefore, be expected that a twenty- 
^fthpart will die annudily of a Society whidl 
has aubsisted any considerable time, and the 
members of which are admitted at this mean 
age. : Supposing, therefore, 36 the mean 
age of Admission in the Amicable Corpora* 
4«Qfi,. the time mmst come when (if kept ^ 
up to its full complement) a 25th part of 
the members will die annuaUy; or when 8o 
numbers (the 25th of 2000) will drop, and 
produce 80 claims annually. — ^The whole in-? 
come of the Society (consisting of ^iO,ooo 
per ann. from the charter contributions, and 
,sSl,3fio per. annum y profits), when divided 
equally among So claimants, will give ^143* 

foRieachxlaitn. The dividend guaranteed inr 

' ; ; . . '^ . • • 

* ^ Should the Sdcicty decUn^^ more than a • 25th part 
wflT die anpuaily, and the period \vten this will happea 
wiK arrive seoHci. ' v * ' :'..>..«' 

- 177Q 
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1770 bdng £\io there will be a deficiency 
of ^8 in each claim, or of ^640 in the total 
of cteims; which sum procured by selling 
stodtinone year will leave a necessity of 
sdling more the next year, and still more 
the following, and so on through ewrj^suc- 
cessive year, till the whole stock falls rapidly 

to nothing. ^It is proper to observe here, 

that this deficiency of ^640 per ann. is a 
maxmum to which thedeficiencies of many 
preceding years had increased gradually; and 
that, therefore, * the whole stock may be 
consumed even before the period arrives, 
when the greatest deficiencies wiU happen. 
- All this reasoning supposes that no more 
than a 25th part of the members of this Cor*- 
poration will hereafter come to die annually; 
or that they are admitted at the mean age 
of 36, and live after admissiop, one with an-* 
other, 25 years. — But these are probably too^ 
favourable suppositions. Perhaps, the mean 
age at which members are admitted (and 
particularly the purchasers of two or three 
numbers) may be above 40; and perhaps 
also, on account of the dijfHculty there must 
be in excluding from such institutions, all bad 
lives, the duration of the lives of the mem- 
bers may be somewhat less than is common 
among persons at the same ages. Should 
this be true, their duration of life after ad* 
mission will not exc^d 22 years. A 22d 
part will hereafter die annually. The claims 
from 2600 number's will be Ql ; and the di- 
• £ 2 vidend 
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Vldend on each claim^ with the addition of 
the savings, will be only ^124... 12«. which 
will produce a deficiency of ^'2,31 1 per aniL 
If I may judge from what has hitherto 
happened in the Society, even these last sup- 
positions favour it too much; for, I find, 
that before the increase ^ which b^un io 
1 750, a nineteenth part of the existing num- 
bers dropped annually, which made the di* 
vidends then fall firequently below ^loo. 
This, however, must have been owing to 
the admission^ for scnne years after the esta« 
blishment of the Society, of members at 
too advanced ages, and the neglect of pn>* 
per care to exclude bad lives. Much un- 
certainty in this instance would be removed^ 

^ This increase seems to have been owing to the Hini* 
tation of age in 1737* In & few years after this, the 
greatest part of the members who had been admitted at 
advanced ages having died off, and t&e Society consisting 
chiefly of younger members admitted in their room; th^ 
dividends rose, which occasioned a ouick increase of 
young members, raised the dividends still higher, till, in 
1757, the Society thought itself capable of guaranteeing 
a dividend of £l2S ; and, in 1770, a dividend of j^lSO. 
These augmentations contributed yet more 'to increase the 
Society, and consequently the dividends* It became, 
therefore, soon full, and now finds itself in the pros- 
perous state described at the beginning of these Obser- 
vations ; a state, which the Society may render really and 
permanently prosperous, if they are properly attentive to 
its causes, and will avail themselves of the opportunity it 
^ives them to rectify the faults in their original plan by 
increasing their guaranteed dividend in the manner 1 shall 
presently propose, instead of discontinuing the increase 
4>f their capital. 

and 
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Mid the best guide obtained in cottduetitfg 
tiie afiaira of the Society, by taking an exact 
acoocmt of the mean age at which, for the lasl 
ten or twelve years, all members (distinguish- 
ing partiddarly such as have two or thre^ 
numbers dependent on their lives) have been 
fldnstfcted; and also of the number of years 
which all admitted^ till within the last, so 
years, have lived after admisaiot).' 

Upon the whole. Till new light i^ given 
by sqch an enquiry as this, I must think 
that, however prospenems the afiairs of the 
Society seem at present, it cannot prudently 
art on any otiier expectation than that a pe^ 
liod will come when a 22d or 23d ^ part 
Df its members will die annually, and when, 
therefore, it will want at least an additional 
indome of £2000 pe^r ann. to enable it to 

* If Mr. Brandy tfie late derk of this Society, 5s ri^htf 
tfie members of it are uncommonly short-lived ; for, ac- 
cording to an account which he has given of the duration 
cf due Utes of 3,826 persons who have been admitted into 
|t, and on whose deaths claims have been paid; they do 
not, one with another, live t^fter admission )6 years. See 
Srmarf'5 Tables TepubKshed by Mr. Brandy p. 189. See 
likewise his Treatise on Assurances and Annuities, p. 68. 

Thb, were it true, would be very threatening to the 
pociety. But Mr. Brandy in other parts of the little that 
35 his own in these Treatises, has erred so palpably, and 
shewn himself so wonderfully ignorant, that, however 
possessed in this Instance of the means of information, he 
deserves no credit. — The truth is, in the present case, 
Ihat he has included in his account such members as have 
DCfen admitted and have died lately ; and this must neces- 
sarily lead to a wrong conclusion concernipg the duration 
of the lives of the members taken at large. ' * 

I iQake 
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make good its engagementB. A greater ad- 
ditional income might be acquired bj cw^ 
tinning to lay up all its savings after dividing 
the charter contributions — But were it to laj 
up the whole of ininwme above Ivhat may be 
necessary to divide ^i 70 on every claiih, 
it might advance its guaranteed dtvidend 
from ^150 to this sum. And this, in my 
opinion, is the most rational and equitabfab 
measure it can adopt 

I know, indeed, that there is a clause in 
the charter which limits the increase of itt 
estate to <5€200o per ann. But this chxts^ 
shews that the charter was framed with too 
Kttle foresi^t ; and it must be repealecl^ or 
the consequences will be that danger to the 
Society and byustice to its future members 
which I have r^resented* 

The preceding Observations are ofiered 
very respectfully to the consideration of this 
Society* Should any of the members or di^ 
rectors think them worth their attention, i 
hope they will reflect, that having no interest 
to serve, I can mean nothing by them but the 
preservation of the credit and usefulness of 
the Society ^ 

SECT. 

* lt*does not a|^pear that wf attentioii has been paidtii 
the adiDonitions and advice which inreie ^'vea in tfab 
Section.— When the Society stipulated in lf70 diat the 
claims should nerer be less on each share duin jf ifiO, the 
number of subscribers^ as might natunUjr be expecfied, 
increased very rapidly: By the aocessaoD efsoaMnynew 
members a sudden addition was made to their annual 

income^ 
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SECT- VHi 

Of the Society for Equitable Assurances oil 
Lives and Survivorships. 

X HE Society which is to be the subject of this 
Section, has justly styled itself, '' A Society 
*^ for Equitable Assurances on Lives andSur- 
*' vivtn^mips'' The business of it is car- 
ried on at its office, in Chatham-Place, near 
Blaokfnars Bridge. It was founded in 1 762, 

. in 

income, and, in consequence, the dividends .on the claims 
were increased so as to raise them during the first 10 or 
15 years from ^150 to ^iOO, and in some years even 
to ^300. But this effect necessarily ceased with the 
cause which produced it, and the dividends since the 
year 1767 have sometimes fallen so low as barely to ex- 
ceed the stipulated sum of jSlSO. — Na^ in the year 1802 
they fell short of this sum, and the Society had recourse 
to their capital, not merely to supply the deficiency, but 
even to add JPS to each share over and above the sum 
which they had engaged to pay. In some years they 
have added ^15 ; nor do they seem in these additions to 
be guided by any one principle of reason or computation. 
It is at best a very mistaken liberality, and if it were 
always to be repeated under similar circumstances, though 
it might perhaps be intended to promote the credit, it 
would ine\ntably terminate in the rum of the Society. 

By increasing the number of their shares about 20 
years ago from 2000 to 4000, they produced in like 
manner as in the year 1 770, a temporary increase of the 
dividends : but the e&ct in this instance was more tran- 
sient, owing, I believe, principally to the new members 
having for the most part consbted of persons betw.^eii 40 
and 50 ^ears of age.—- In the admission of these members 
tiiey raised the contributions upon every number above 
2000 from jf 5 to ^6. ..45. per anmtm : thus, making the 
aoKnint of the annual payments to depend, not on the age 
of the subscriber, but on his priority in the Society* — It 
is much to be lamented that they should Qot Lave chosen 

to 
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in consequence of lectures recommending 
such an institutipn^ which had been read by 

to adopt tlie improvements proposed in this work, rather 
than persevere in a course so injurious to their real interest^ 
4nd often disgraced by regulations so absurd and inequita* 
ble. About IS years ago they manifested a disposition to 
reform their plan^ and in consequence of the recommen^ 
dation of the Directors they limited the age of admis- 
sion to 40 instead of 45 — they also placed all the 
members on the same footing in regard to their annual 
payments — ^restrained for a time the amount of the divi- 
diends fo £\bO — and^ in order to encourage young persons 
te subscribe^ they gave those who entered under we age 
of 55j the privilege of having six, instead of the usual 
number of three shares, on their respective lives : — ^They 
also agreed that d£M,tQO of their stock, (amounting 
ia the whole to £M^dM in the three per cents^ together 
with some property in houses) should be preserved as un- 
alienable without the coRsent of two successive geneeal 
courts, so that only ^30,000 of their stock should be appro- 
priated in aid of the annual contributions to make up niture 
deficiencies in the dividends. — Had these regulatk»is been 
proposed at an earlier period, it is possible that they might 
nave been effectual ; but I have every reason to believe 
from an investigation of the affiun of this Society at that 
titne, Aat they were much too feeble and inefficient.-— 
The reform of a plap originally very defective, and ren* 
dered still more so by subsequent laws and alterations, is 
indeed a work of considerable difficulty, and if the mem- 
bers satisfy themselves with such measures as they then 
adrated, it is ceruin that they are far from having aecom« 
plished such a reform as will secure the Society from the 
consequences of their former errors. 

The Soeie^ has lately obtained an extension of their 
Charter, by wnich they are empowered to assure persons of 
all 1^^ at nearly the same premiums with those of the 
Equitable Society. This has necessarily, by the accession 
of new members, increased their capital, and they have, 
ki consequence^ d^ermintd that the dividends on the as* 
suratices, according to their original plan^ shill be raised 
toif200JJ M. 

Mr. 
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lAt. Simpson, a name that can never be ftyr- 
l^tten while there is any mathematical or phi- 
losophical knowledge left in the world. Mr, 
Doason also, the author of the MatliemiUiccd 
Repository y was active in recoininending tba 
plan of this Society, and composed Tables fof 
its use. — It assures any sunis or reversionary 
annuities on any lives, for any raraiber of 
years as well as for the whole continuance of 
the lives, at rates settled by particular calcu-^ 
lation; 9nd in any manner that may be beat 
adapted to the views of the persons assured. 
That is, either by making the assured sums 
payable certamly at the. failure of any givesi 
liveay or on concbtion of siirvivorship : and 
tho either by taking the price pf the as- 
surance in one present payment, or in anmud 
paymetds during any single or jtiint lives, or 
any terms less than the whole continuance 6{ 
the lives.— In short; the plan of this Society is 
so exteni^ve and ao important, that I cauBot 
satisfy ray own mind, without offering to the 
gentlemen concerned in thq direction of it, 
the following observations^ hoping they will 
not think tJiem impertinent. 

Krst- They should consider, what distressl 
would arise from the failure <>f such a scheme 
in any future time; and what dangers there 
are, which orught to be carefully guarded 
against in order to secure success. I have 
already fxiMe than tnOe observed, that those 
pettibns w^l be. moit for flying ta these esta-' 
blishments, who have feeble constitutions, 
' " 1 or 
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or. ate subject to digtempers which they 
know render their lives particularly preca- 
rious ; and it is to be feared, that no caution 

'will be sufficient to prevent all danger from 
hence, 

Again. In matters of chance, It is itn- 
possible to say, that an unfavourable run of 
events will not come, which may hurt the 
best contrived scheme. The calculations 
only determine probabilities ; and, agreeably 
to these, it may be depended on, that events 

" will happen on the whole. But at particular 
periods, and in particular instances, great 
deviations will .often happen ; and these de- 

' Iriations, at the commencement of a scheme, 

; m^t prore eitfier rety= favourable, or very 

' tmfavourable. 

*' But further. The calculations suppose, 
that all the monies received are put out im- 

* mediately to accumulate at compound in- 
terest. They make no allowance for losses, 
or for any of the e^^pences attending manage-^ 
ipenL On these accounts, the payments to 
a _ Society of this kind, ought to be more 

- than the calculations will warrant, and the 
interest of money ought to be reckoned low. 
Mr. Dodson,^ I find, has paid due attention 

. to ^11 this,- by reckoning intjerest, in his cal- 
culations for this Society, at 3 per cent, and 
taking the lowest of all the known proba- 
bilities of life, or thote deduced from the 
VOL: r; N London 
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London bills of mortality^. IThere is, be^ 
'Stdes, a liberty ^provided of making a catl 
on all the imetnbers, in case of any particular 
emergency. It is, therefore, highly pro* 
bable, that this Society must be secure. The 
last exptfijient, however, would be a very 
disagrefeable one, should thefe be ever any 
"Occasion for having recourse to it ; and, in 
order to guard still more effectually against 
danger, it would not, I think, be amiSs to 
charge a profit^of 6 ^^er cent, on all the pay- 
. ments . Should tfa^e consequence of this 
^rove, that in some future^period the Society 
shall find itself possessed of too large a- capi- 
tal, the harm will be trifling, aiid future 
members will reap the advantage, l^ut this 
leads me to repeat an observation of particu* 
jbr consequence. 

As'this Society i» guided, in every instance, 

' It.pnght, 'however, to be remeittbered here^ that in 
ii-^_ i?r_^_ — ..?__ ._ commehcc either innneiiiate] '" 

1 also in some ' other caifes, 
o^nsequeliice hf Uwhr)pt^l^\ 
Of life. Would: it xa^iuch iinstsnees Jbe' talking ^anuiAtir 
advantage, to estimate ythe values hj Tables wbich give 
the' AJgAef/ rather than \liehwest v^iies? 'fhu^ ^ iv^f e the 
^Society to sdl ^10 per' mkum for life, ^t0'&>1d^AB0D sow 
SO, ^ifteifSO/the vAie, ^ccordinfettrDr. I^^'S'Tti$t^ 
\, would, reckoning interest at ^Pfsr cen^. b|^ 'it90 in a siorie 
payment; but accofilidg to' the X^/u^nira6le,'^e'm^ 
would be only rf'JO- 

But fa ^reiilky t&e {ralde^ e v^n iiy 9r. [Bail^4 'Tatfe, 
J8je9s.ihkn the Society, in such a case, ought to take, for 
the reasoi^ mentk>ned in page 157- 

^ by 
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kj iStsiet'Caiculationy it is not to be eaq^ected 
tfaftt it can jneet with any difficulties for 
jnany yeat;? ; because not till the end of 
ttiany years after kiias acquired its mampmm 
id members, will the maximum of yearly 
^oimaata and annuitants come upon it* 
-Sboudd k> itber^qre, ll^roiigh inattention to 
ilbis remark, -and 4ihe,encaurageinent arising 
from the possession of a f large surplus^ -be led 
<o check or stop the, increase of its jstoqk too 
«oon, the consequences inight prove -perni- 
oious. 

4^gain« I would obser^se, 4hat it is of 
«great importaqce to the safety of such a So- 
ciety, that its aflairs should be under .the 
inflection of able-ma^ematicians. Melan- 
'Chbly experienoe shews, that none but ma* 
•thematicians ^are qualified ^for ^forming and 
conducting schen^es of this kind.-^-^In short ; 
dangerous mist^es may sometimes be com* 
•mitted, if the s^ffiiirs of such a Society are 
«not managed ^frugally, carefuAy, and pru^ 
-dently. ^One instanioe of this I (^n|^ot.4void 
vTOentioning, 

ApeFSon,'Who de^ii^s to assure aparticu^ 

lar ^ sum to be paid at the failure «f ^ )iis life, 

oncot)ditioti.of^he survivprship of another 

I life, ;inay chuse to pay the r^lue in annual 

* contributions during the continuance^qf *his 

^OMrn smgle life rather than during -the con- 

'tinuance of i the Joint livcjs, ^ because the ^n*- 

nual contributions, ^ in- this case, oughtto.be 

^much lessl Sut-ar Society ttbat -wbuld-prac- 

N 2 tise 
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tise such a method of assurance would hurt 
itself; for as soon as the life, on whose sur« 
vivorship the assurance depends, is extinct, 
the person assured, if thea living, would have 
no longer any benefit in view ; and, there- 
fore, would make his payments with reluc- 
tance, and in time, perhaps, entirely with- 
draw them ; the consequence of which would 
be, that the Society would sufier a loss by 
being deprived of the Just value of the ex- 
pectation it had granted. The plan of a 
Society ought always to be such, as that the 
josses arising from discontinuance of pay- 
nient,. should, fall on the purchaser, and 
never on the Society. 

I miist not forget to add, that it is neces- 
sary tliat such a. Society should be furnished 
with as complete a set of Tables as possible. 
This will render the business of the Society 
-much more easy, and also much more capa- 
ble of being conducted by persons unskilled 
in mathematics. It will also contribute much 
to its safety. For in all cases to which Tar- 
bles can be extended, there* would be no 
occasion for employing any calculators ; and, 
consequently, a danger would be prevented 
to which, though it is not ^ow, it may here^ 
after be exposed,; I piean, the danger of 
happening to trust unskilful or careless cal- 
culatojrs. — ^It is indeed furnished with Tables, 
by which a^eat part of its business is trans* 
acted; but there are some important Tables 
-which itwant^, and wi|h which it should 

be 
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be supplied ; and these wheti composed, to-, 
gether with all its other Tables, should be 
subject to the revisal aiM examination of the 
best judges, and afterwards published ; with 
a minute account of the principles assumed 
and the method taken in composing them. 
Such a publication would be a valuable ad- 
dition to this part of science ; and it would 
also be the means of increasing and esta* 
blishing the credit of the Society. 

In Questions 4th, 6th, loth, nth, I4th, 
15th, and l6th, I have, with a particular 
riew to this Society, given rules by which 
may be formed every Table it can want, for 
shewing the values of assurances on the 
whole duration J or any tegms^ of^ any one or 
^tt^ lives; and nothing but care and atten- 
tion can be. necessary to* enable -any good 
arithmetician to calculate from them. 

Further Account of the Equitable Society, 
with an Account of an Institution for the 
Sale of Life-Annuities at Hamburgh. 

1 HAVE just referred to the questions in 
the first Chapter of this Treatise, for the 
rules by which the values of assurances on 
any one life, or any tivo lives, may be com- 
puted. Since the last publication of this 
Treatise, investigations of this kind have 
been carried much farther,, and tliis subject, 
as far as it respects assurances on any num- 
ber of lives not exceeding three, lias been 
nearly exhausted by Mr. Morgan, the actu- 
ary 
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ary Af this Society*, in tht Treatise referred 
to aft the: end of the First Chapter. — in thra 
work; Mr. Morgan has given a distinct ac* 
count iif the state of this Society aa he had 
inade it oiit to January 1777^ i^nd to that 
account^ and to the Observations addressed 
to the oociety iii the Intr6(luctii>n to M^< 
Morgan's Treatiae^ I must refer fbt the fullest 
information th^t can be given of the plari 
and progressive ihcrease of the Sddtty, and 
of the xnethods er&plqyH to keep in constant 
view the state of its ^ccpxints. ' I shall here 
6nly add, that its increase has been going on 
ever since with rapidity; ihat^ in the last 
five years (or since 17 7^) t its annual incofke 
has been nearly dqgAifd^ and its capital (cbn* 
fiistihg now in part ^ land si^curitieiO more 
than tripied; th^t th^ rate of mortality amo^g 
the persoils assured h^ continued ibudbi 
below that in the Tables by which it ha^ 
hitherto made its caicnlatioltis ; ^ and that^ 

upon 

t 

> Until the time aear^ in which <Ul accf>6iit wa; 
written the Society had computed all iheir premiuiha 
fipom th^ London Table bf Ol^en^tion!;!; a6d it ai>pearM 
from thfe experience of tweli^e fouf^, (or from 17^6 to 
)780) that the decrexdienti pf life ampng their incmhers 
had been 

To thdie To tkose 

lo in 

London, Mrulam. 

fromtheageQflOtpSOintfie htiopf i tol^ 1 to 1 

SOtoSO... ^.Sto? 2to3 

30 to 40 .*. .4 to 9 2 to 3 

40 to 5 d to 5 8 to 9 

50to60.... ^Sto3 6to7 

60 to 70 9to 10 9 to ^ 
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upon the whole, it appears at present to 
|>6sses8 such a mrplus of income aijiid stock 
as places it (if no raism^nagemeat takes 
place) above danger, exc^t from eyeoits the 
most extraordio^iy. 

In these circumstances, the Sodetjr, not 
willing to raise an exorbitant capita, or to 
take unreasonable profits, came to a resolu* 
t|on at the beginning of the last year, or 1 {81 « 
to make such abatements in its Remands as 
its present circumstances render i^afe, and to 
setde such new arrangements in its business 
as may contribute to make it ai^ ereat a 
benefit as possible to the public 

In the preceding Section, but more p§rti« 
cula^ly in the Introduction to Mr. Moi^gadM 
Treatise, I have expressed my v^^ishes that 
the Society would order new Tables to be 
calculated from Observations mor^ adapted 
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In consequence they deterniined to compute the prs- 
mhiins ID fiiture from 'a table which ahoujd give tii^ pn^ 
Mulities gf {ifip At^A^r than \\^ wbic)i they h^d )iit};ei)o 
used;^ and £ir thi9 purpi>9e they ii^opted one which pa^ 
h^en just forine^l by Dr. Pricp from very accurate obser- 
vations made in the town of Nwihampton! CompaMd 
with the decreipents of life jp that tajiil^ firoip the year 
1768 to thfi year 18ip, the decrcipepts pf life ip the Sqcle^ 
a{i|)ear to have b^n from x\\p age of ' '< 

10 to 2tf in the ratio of 1 to 2 

20 to so 1 to2 

80 to 40 S^too 

'46 to 50 3 to 5 

50 to (50 5 to7- 

60 to &0 4 to 5 or at all ng» 

togiether 14 the ra{}p ^f fwp jto i^e^. M. 

to 
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to the general state, of mortality among man- 
. kind than those given by the London bills of 
mortality.-- — rl can now inform the public, 
that such an order has been given and lately 
carried into execution. -These new Ta- 
bles are, 

First, A Table exhibiting the values of 
single lives for their whole duration. 

Secondly. A Table of the values of si ngle 
lives for any terms of years not exceeding 
ten. 

Thirdly. A Table of the values in sin- 
gle and annual payments, of assurances on 
single lives for terms, and for their whole 
iluratiou. 

,' Fourthly. A Table of the values of two 
joint lives for all ages. 

Fifthly. A Table of the values, iij sin- 
gle and annual payments, of assurances of 
gross sums, and life annuities payable on the 

survivorship of one life beyond another. 

The most material parts of these Tables will 
be found among the other Tables in the next 
volume. They have been calculated by Mr. 
Morgan with incredible care and industry ; 
and are correct and complete to a degree 
never before attempted in any Tables of this 
kind. They are to form the basis of the fu- 
ture business of the Society, and must conr 
duce much to its growing credit and useful- 
ness^ 

The second, third, and fifth Tables, have 
%c^Ti calculated by the rules in Chap. 1st of 

this 
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this Treatise, Question 6th, l oth, 1 1 th, and 
14 th. And the other Tables, or the 1st and 4th 
just TOentiohed, in the method described by 
Mr. Morgan in the 2d Section of the second 
Chapter of his Treatise on the Doctrine of 
Annuities and Assurances; a method which, 
at the same time that it lessens the labour of 
these calculations, prevents the possibility of 
falling into any mistakes ''. 

They are all founded on a Table of the 
probabilities of the duration of human life at 
Northampton, which will be inserted among 
the other Tables in the second volume of this 
work. This Table made a part of all the 
Yormer editions of this work; but it is, in 
the. present .edition much improved, and 
gives, I believe, more correctly than any 
other, the mean probabilities of the duration 
of human life; and, therefore, as I shall ob- 
serve again hereafter, seems to be mol-e pro- 
per than any other for general use. 

I had, in the Introduction to Mr. Morgans 
Treatise, recommended to the Society the 
observations on human mortality at Chester; 
and I had procured a copy of them from Dr. 
Haygarth, the ingenious founder of them. 
But the directors of the Society have judged 
very rightly, that they carry the probabilities 

^ Specimens of the shortest and easiest method of making 
'Aese calculations by Logmitfims, and grounded on Mr. 
Morgan's method here mentioned^ will be given in a Post- 
script to the 4th Chapter, 

of 
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of life too hijgh fos their bwiijess. — These 
ObservatiQnSi however^ are not on this ac- 
CQutxt less importajpit* I have been enabled 
hx them to mal^e the Northampton Table of 
Qbservadoas mo^e complete ; and Tables of 
the decrements and expectations of Hves^ 
deduced from them, for both se^eSj will be 
given in the next volume* 

The interest of money in calculating the 
new Tables of the Society has been redcon- 
ed^ as. it was in the old Tables, at » per cent. 
This givea the Society (more especially at 
present when money may be improved at 
flcar doifble this interest) a very great ad- 
vantage, tt likewise possesses tne two fpl- 
lowing advantages. 

First. The interest of a large and fast In- 
creasing capital^ the greatest part of which 
is a SURPLUS over and above all that is ne- 
jcessary to enable it to make good its engage- 
ments. 

Secondly. The profits arising from higher 
probabilities of living among the members of 
the Society than are exhibited, even in the 
new Table of Observations, by which its 
demands are for the future to be governed. 
This Table differs but little from the Breslaw 
or Dr. Halleys Table of Observations, which, 
as may be seen in the Note, p. 1 82, gives 
probabilities of living near a third lower than 
those which have hitherto takoi place in the 
Society. 

I believe 
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I befiere the Society might aaw nik^f 
trust itself to the security ariMtig £m» these 
adTaixtai^Si aiid take the piaytnents for anur- 
liiiced' in strict coiiforimty t0 its new Tabli% 
withovit toy chafge upon them; aiKl the 
conse(|udnGe of this would be, that these 
)>ayments» which fwa years ago were rediiee4 
a tenth, will be further reductod about iu^ 
tekths, 6v in the whole about to per cent '• 

But a^ it has heen the custom of the So»* 
ciety (in confannity to the recommendatioa 
in p. 1 79) td make in addition of 6 per cwk 
to ail the paymenti requltbd by the old Ta- 
bles, it may, 1 think, he ekcfused, if, for ^ 
Bake of greater sa^i^ abd to provide better 
for the expfenoes of managemetit^ it should 
make an addition of 8 or 4 per cpnt* to thfi 
payments required by the new Tables. 

There still remain a few Tables> whipU 
periia|ys some titne or other the Society may 
think proper to furnish itself with.— ^I 
ivili mention the two fbllowii^ 

First A Table of the tame kin4 with that 
ihentioned in pu 185, shewing the values of 
sums payable at a gireti age, and of tonuitias 
payabfe till b given age^ to a datiM, should he 
lose his parent 

Secondly. ATaUe containing the values 

* It should be Mnaemb^ved) that the reduction here 
pieiitioned, dees not ^tend to the single ][)iiynients for 
assuilinces of life-dnfiidties psiyable on suhmfor^hip, the 
Lmdm T«Medr 0)Mer^«tiDnl ^iO|; dMc Uwm^Um 
ss tie Norihampt<m Trf,le. 

of 
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of assurances of annuities for the remainder 
of life after given terms. 
• This would inform the puhlic what ad- 
vantages could be reasonably offered to per- 
sons who wish to be purchasers of such an- 
nuities ; and the aridity with «vhich the de- 
ceptions in this way hare been encouraged 
renders such an information- . particularly 

proper. The public, indeed,, has been led 

t>y these deceptions to entertain such wrong 
ideas of the terms^ on which these annmties 
may be sold, thatprobably no terms which 
the Society can afford will appear sufficiently 
encouraging. There* are, however, annui- 
ties of this kind which^ at the iSame time that 
they have the most uBefvl tendency, might 

possibly in tite purchasers. Suppose, in 

particular, an annuity of d?l to commence at 
&6y and to incfeasie at the rate of dB.1 every 
year afterwards, (so as to become, s^l 5 at 
70, ^i2l5 at 80, and ^ts at 90) was offered 
for a given sum payable at the age of 30, with 
proper abatements for every year that the 
purchase was made before this age. — ^Would 
not such a proposal be likely to engage, at- 
tention ? And might it not be extremdy 
useful, by holding forth an incitement to in- 
dustry ift' the* beginning of .life, and providing 
a way of laying out small savings to the best 
adviantage ? According to a high valua- 
tion the sum in this case would be about 
twenty guiaeas ; and the proper abatement 

4» .about 
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about twenty-five shillings for eve^y year 
that a purchaser s age, if not less that 20, 
h\]s short of do. 

I must not conclude these Observations 
on annuity schemes without taking particu- 
lar notice of an excellent example in this 
way, which.is given by a general annuity inr 
stitution lately established at tj(tnibargh; aad 
to which I have referred at- the end of th^ 
fourth Section, p. 137. 

Having received, through Mx. . Q^defT; at 

Oldenburghy an account of this institutioi^ 

•and finding that the conductors of.it wish, to 

extend its advantages beyond the linpiit?, ,of 

Hamburgh; I embrace with plei\sure thi^ 

opportunity of recommending it, aijd ro- 

citing the following particulars in its pl^« 

Persons of all ages who may desire to ii^ 

crease their incomes by purchasing finnmtie3 

for their own single lives, or fqv the longed 

of any two lives, may in this institution 

'purchase such annuities. — — A person at &o 

*may receive during his life 7rpcr cmt. for 

any sum; at 60, he may receive ip-^^ p&r 

icent.; and 70, 16 per cent* ^Persons who 

. depcsnd for a subsistence on the permanency 

of their capacities for service or labour, 

: may with such -savings as they may be able 

•to make in their years qf vigour, purchase 

• for themselves a. competence for old age . A 
/person at 40 may with ^i 00 purchase ^18 
per antL for his life after 55; or, for a pay- 

• xttent of ^1 7s.^.6(i every half year till he. is 60, 

he 
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ht inii^ pnn^nse im tus ^e after iSiat age 
dS6. . .4 is. j^r 4Mm.«^-^-]i^o«Qg.peracqs whose 
fortunes do not produce a guMfiicient incoEOie 
inay, ^ sinkmg a papt Ksiibtmy iptocure Jtbe 
means pf a 'fotupe Mttlement im dife. A ib€gr» 
for iristaifice^ '^ed lo^ may with ^s^ioo.pur*' 
dhaae tm anniiity pf ^8|,4^pendent.oiifhis 
life tM>he*i8 S5 yeacs of age, ^vAyoi it aaaj 
4)e sapposed4ie^will ^be prarvidedtiMith otbtf 
means of supporting himself. 

Persons who have inends or relations ide- 
^ndent upon- them «ay.pufdiase.for^tbem, 
^^tber'by a sii^le present p^^mentr or by hal£- 
^arly payments, 9ny anniiities^to commence 
Htt the ttine "of ^their ^sunrinorsh^, should 
*€ftat ^happen, and to foe continued durii^'^ 
•remainder of their 'lives, in the case pf wi^ 
itkirs an abatement « m^e, if the purchaser 
«dhi»es that the anouHy ahoDvld be^paid>Anly 
^during widowhood. 

']forents wi^hu^ to provide ^pmtiofu for 
children, or sums i&r putting .tfamp 
^ut 'to ' apprenticeships rWhen grown, up (to 
a certain age, may .purchase (by 'either balf- 
* yearly eonthfoutiong or ^qgle paynunts),attch 
portions or sums to' be paid them At thatj^e, 
» i^hould they live • to i t. 

Tbe "plan of this institution includes .in 
^it'sereral other particiiiars; but 1 will only 
'add, that the money received by the ocm- 
Mluctofs of it is lodged in the chamber ^i^f 
"Hamburgh ; - that the piices <or oontsiiNitioqs 

^are-di^tinctlVHSpeG^e^' for e«:ery ageaniaaet 
2 ' of 
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of Tables whicb laavebeen published at Hamr 
burgh; and that these Tables have been cal- 
culated ^t 'an int^Fe^ of 8 jMr :bBnt. fram 
some df ^the beiert registers of raortality^ mnVl 
(as far as I have examined them) w^ith sldU 
and correctness K 

'^ The Equitable' Soctety, since these obseMtimis wefe 
"^tihetrki ^e y^r t7SS, has incraMdtt) immcaaeiy^iMitfi 
in the'number wd'OMlgntUide of its assurailoe^ as to be^ 
isome an institution of the first impc^rtance^ In the year 
1786, sifter a minute computation of the value of each 
separate easurance^ the addition of I| per cent, which h^ 
'been made to the claims ]n>l7B2 for every annual . pay- 
ment prior to that year^ was increased to 2^ per cent in 
the yean I/dl, I'fSS, and 179$, still iHrther additions 
were made^ amounting together to '4 per cent ; so. that the 
claims on all assulances of an earlier date than 177"^'^^^^ 
more than i^oziZ^iafy and even those of so late -a date as 
. 1783 'Were increased nearly one half* But although the 
Society never hazarded an addition without a thorough con- 
eviction «f its safety' founded-M a comparison of the d^itts 
with the premiums and on the decrements of life among its 
; members in each year, it wisely determined to proceed no 
further with these additions till the same investigation Of 
. its afifairs had taken place, which had heemfir^t institnt^d 
in*l?76, and repeated in 1786. — Accordingly, in the year 
18()0 this wiNrk (which from the increased number ^f as- 
surances had become a most arduous and toilsome uiider- 
toking) was accomplised^ and the result proved so highly 
ikvoiiffable that another addition of )£2 per ce;|^. was made 
to the claims. So that at that time the assurances of 1790 
were increased dSt& per cent.', those of 1780 jfflOS per 
«e»^ those of 17^0 Jrl90 per cent, add those of 1762 
•s^25'3per cvA^ makioj^ in the whole a sum which in pre^ 
sent value k\\ very little short of half a million !^in 
1809 the same investigation was repeated, which,^from the 
immense increase in the number of its assurances^ was at-* 
. tended \?^th infinitely more labour and difficul/ty. The ic«- 
suit, hbwever, Ukethaiof all former investigation3, proved 
that the success and opulence of the 'Society increased in 
proportion to the mignitude of its concemsj and an addi« 

tion 
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CHAPTER III. 

Of the Method of calculating the Fixities of 
Reversions depending on Survivorships. 

All Questions relating to the values of 
lives and reversions, are at present of par- 
ticular importance in this kingdom. Much 
business is continually .transacted in this ^ 
way; and any considerable errors in the 

methods 

tion of 2\ per cent, was in consequence made to the claims, 
aa that at present the assurances made in 1800 are increased 
^27 percent., those in 17?0 ^86 perxent.y those in 178O 
jf 120 per cent., those in 1V7O £^2^0 per ^e«^, and those 

. in 176/ *j^23 pel' cent. ; and a sum equivalent in present 
money to one million is thus distrihuted among the mfcni- 
bers in addition to the sums which have heen distrihuted on 
fornier occasions. It is unnecessary to expatiate on this sub- 
ject, in order to shew the great benefit ^hich this Society 
has proved to the public.-^Pfoceeding always as it hais hi- 
therto done on the sure ground of .compulation, it never can 
incur any material danger. — The nfiany thousands of which 
it IS no\Y composed render the decrements of life almost uni- 

. form among its mcmbei-s, and from the exi>crience of more 
than forty years those decrements are found to be even one 
third (a) lower than they are in thfe Table from which the 
premiums are computed. Provided therefore the same care 
is used in exchiding bad lives, every addition to the business 
of the Society must be an addition to its profits. — ^The in- - 
ci'ea3ed number of members, by'preventing it from being 
a&cc^ed by any particular season of mortdity, will also ren- 
der those profits more uniform and secure ; so that the stabi- 
lity of the Society will be strengthened in proportion as its 
usefulness is extended. ' ' 

The only danger to which it is exposed arises from the 
greatness of its coital. If due regard be not paid to the 
immense demands which must hereafter cnme upon rt.-i— 

' If on the contrary this capital be considered only as an 
' accti- 

* ^ ' • (/z) See note p. 183. ' 
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methods of solving such questions^ miist in 
time produce vei*jr bad consequences.-— Thtf 
design of the following observations is to 
point out a particular error, into which there 
is danger of falling, in finding the Values of 
such reversions as depend on survivorshijps* 
In doing this^ I shall, in order to be as plain 
as possible, take the following , cdse. '* A,' 
*' aged 40, expects to come to the possession 
'^ of an estate, should he survive B, aged 
'Mike wise. 40. In these circumstances he 
*\ ofiers, in order to raise a present sum, to 
'^ give security for ^40 per annum, out of 
'* the estate at his death, provided he should 
"get into possession; that is, provided he 

accumulation of profit, and the men^rs on this suppo^ 
sition should be tempted to make too frequent additions 
to- the claims, the consequence, though distant, must ul' 
timat^ly be fatal. Hitherto great prudence a^d discre-' 
tioD have been manifested in the management of this So- 
ciety. No measure has bei^n adopted which had the least 
tendency to diJiiinish the capital witnout a previous in- 
itestjgation ; and in order to secure the same prudence and 
discretion in. the future conduct of its members, the So-^ 
ciety has provided by certain laws, ^' that no allowaope 
*' to claimants shall ever be made without a previous in- 
^ vestigation of its affairs and the concurrence offour^ 
^^Jifihs of its members at three successive Getieni 
'i Courts, and also that suah allowance shall in zk> in- 
'' stance exceed tivo^thirds of the clear surplus sitock of 
^ fhe Society." By these rcstrictiotis, "tas far as humait 
pOKSiutlpQ can operate, the danger of Intemperate m6a-> 
sures is av<Hded;. and there is every reason to hope that 
an institution, founded on such liberat principles and de^ 
fended by such wholesome provisions, will not only be se-' 
core^ but continue to improve in etedit and prosperity. 

. VOL. I. O *• should 
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*^ should svHfviv€ fi. liyiiat 16 the sum that 
^ ou^btnow itp i)e advanced te hkn, m con- 
^ iideration o£ such ^ecunty^ reckoniiig com- 
«< poiuid loteKst £^t 4 per cent f* 

Mr. De Mtfivre^s ddsectioas in his T«ea- 
tiflf 4)n Annuities, Pra]3leiiis 17^ and 20th, 
lead us to aeek the^uiMd sum in this «ase, 
hy the ^aUow>(ig praeess. 

Find £rft, the present sun A should re- 
OfiiYti, for the rerersion «f 4^40 ^(ar annum 
for ever after his death ; supposing it n^i de* 
pendent on his Gpundviitg S. The present va- 
lue of such a ceveqion is ^ the ^ value oi 4^e 
'! life subtracted ^om tbe perpetuittf, and 
^ the remaifidw multiplied by the ann\api 
*' rent.** — The value of the life is, by Mr. 
J}e Motvr^s Hypothesis 18.19(5. This 
subtracted from ^&, \h^ perpetuity^ Wves 
1).804; wlu€b, m%dtiplied by 40, gives 
5^472 . 1 6 ; the value of Ae supposed estate^ 
after the life of A. But, as Mr. De Mmr^ 
Qbservesy tb« lender having a chajDc^ to Jose 
his money, a compensatum ought to be mad<; 
to him for the risk he runs, which 13 fpunded 
on the possibility, th^t a man o^ 40 yqkrs of 
age may not survive another person of the 
same age. This chance is an ^q}ial chancje; 
and, therefore, half tl^e preceding SV19,. 9r 
i£2 36.08^ is the money which should be aA« 
Vanced now on the expectation mentioned. 

> By ScbDlirmsP* 34, md Pid^tfa 2Qfk, p. a»iid fJk^ 
Simpms Select Exercises. 

. . Thift 




on SmmMr$iip9. >Q| 

ance; and most persons wi3i» plFah*^^, \m 
ready to pronounce it right; nor will this 
be at M wmaierfitl, m so .gin^t a ma^r of 
these subjects «8 Mr. De AfatvrA afp«a|» M 
have been mided by st'-^Nothing inore is 
neoessary to piwe it to be fiitiaciQ«s^ thftH 
psooeeding in the same way tp soIy<^ Khe f(d^ 
lowing similar Question* 

*' A, aged 40, offers to give security for 
^ ^40 ^ onsitm, to be ectt^red upon at hid 
^ dearth, provided it should h^^^NBii ^i^^br^ t3n& 
"^ death of £, aged likewise 40. What moit 
^ shQuld now be adraoced to him ibr j^nch a 
^Kversion, interest being reckoned mt 4> 

\xi solvuig this problem^ agreeably .t« tht 
method just desor&ed, we are to &nd the Ji^ 
lue of ^40 per mmum^ to be entered i^on 
certainkf at die death of A; and then tP ra#* 
tiply this value by the chance thai A AsHi 
not survive B, or by 4; aod in tbis way the 
answer comes out the same with fbata^keadjn: 
gi%^n« 

!Now it may he easily seen> that this must 
be wron^. The value of a reversiojii to be 
KecdTed when a person^of a given age ^ach 
cannot be the same, whether the condilioa, 
of obtaining it is» that he sbaU die bejbf^e, ot^ 
t^at he shall die after sJxoAiw persoa^ Tb^t 
is, whether it 1$ provided, that a purchaser, 
if he succeeds, shall get into possessioa 
sooner or later. The reversion in the ji^tter 

■ 02 case 
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case nju8t, without doubt^ be of less value 
than in the former. 

The first question here proposed, resolves 
itself into the following general Question. 

** What is the present value of a given re- 
'^ versionary estate, to be entered upon after 
" the failure of two livfes, provided one in 
''particular of them should be the longest 

Now, the present value of an estate to be 
enjoyed for ever, after the failiu^e ofthclongesf 
of two lives, is " the value of the longest 
** of the two lives, subtracted' from the per- 
^ petuittf ; and the remainder multiplied by 
^ the annual rent of the estate.** — The value 
of the longest of two lives is, as is well known, 
the value of the two joint lives, subtracted 
from the sum of the "values of the two 
single lives. In the present case, therefore, 
it is 9.82, (the value of two joint lives 
at the age of 40 by Table VII. in the next 
volume) subtracted from twice 13.196; (the 
value of a single life at the same age) that is, 
1 6.5 7 years' purchase. And this subtracted 
from 25, (the perpetuity ) gives 8.43; which, 
multiplied by 4o, gives ^53^7.2, the value 
of the given estate were it certainly to be 
enjoyed, after the extinction of the longest 
of two lives both 40 ; that is, whether one 

^ See Mr. De Mawre on Aoimittes^ Problem IV. or 
Kir. Simpson t Doctrine of Armuiiies end Reversions^ Pro* 

•r 
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or other of them MIed last. But. that As 
life in particular should' &il last/ is an even 
chancQ. The true : valhe of the rerersion^ 
therefore, is half the last value, or a^ 168.6: 

In like nianner. The secbnd Question is 
the same with the Question, " 'What is the 
" present value of ^40 per ann, for ever to 
*' be entered upon after the extinction of two 
"^/om/ lives both 40; that is, whenever either 
'' of them shalL^l; provided the first that 
" faib should happen to be A's life in par- 
*' ticular?" — ^And the answer, is found by 
subtracting^he present value of the ttvo joint 
lives from the perpetiiiiy^zxi^ multiplying- the 
remainder by ^, that is, by the chance that A 
in particular shall die first 1 And this will 
give the Vequif ied valuer ^3 3 .6^ 

In.siibort. Itap|>ears in both these cases^ 
that, according td Ihe first method of solu* 
tion, : we are to subtract from the perpetuity 
the value of one of the single lives, when, in 
ihe former casic^^the value of the longest of the 
two lives, and, in the latter case, the value 
of their^n^ continuance^ ought, in reality, to 
be subtracted. I need not say what prodi* 
gious errors may often arise from hence ; and 
how unfit such a method of solution is for 
practice. » 

Mr. SimpsoUy in p. 322, of his Select. Ex- 
ercifies, speaks on this subject in the fdOovh- 

ft 
ft 

" I have, though S9arcel]r necessary, given a demon- 
stration of the Solutions in Note M. at the end of this 
volume, 

•ing 
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in|; mdhrtuij — '' I hkrb been Tkirjr pardeahnr 
^' on dBettklBffc of' Pmhliims; ^mdthenottft 
f^ 80^^ Mr thtiM has. Been no mediod before 
^'^ poibfirfitd, that I kAopvr of, by which they 
f ' caoi be: tig^lj detetilined. Ts tiu^ the 
*' lantaet c^ proceedbn^ byfiiirt finding the 
^^ profaahifitof of SixrtFiYorG^ip (which me^ 
f^ thod ia wttd'in my ^former wotkv AvA 

Itfaicb a jeeifebratied mithor hds hii^^j iii- 
^^ sisted oil in flnte suqce^scte efttiona)^ may 

fae flppliid to ^o± advantage^ wheii th^ 

given ages areneao'lj eqiial; but tinbm it id 
*^ eertain, iBkkt tbxi is not a genuine way of 
^* going to work, and that the cooeiliskffii 
5* beoce dsxl^ifed are at htst but ntar approsd^ 
'*matidni" 

This exceltevit mathematidanr haa hiera 
iupnased hintasSf mucbtawfatouiaU^ of the 
mbtbdd of sbhitidn on* iii^idi I ha^e ccmirk-^ 
ed — Itt botk the c^sts I here spteifisd^ liic 
ages are eqnai ^ and yet^ in^ oiie <lf thbm the 
error ia a good deal aibisipe a third of the'trcie 
^valne, aad m the other a Jifih : And> ib ift 
obyioc^ that iofii cases where three equal lives 
are taken,, the eitrorsi will be much> gtmter. 
^-•---Mc: SvnpBsns Obaerrations ia this passage 
are true only,, when; apphed to m differmit md- 
thod used by himself in the 28th and £bl^ 
lowing Probltime of Ms. Tmatise on the Boc- 
<rw of Jbtnuiiies {ind Beversiong: This- me- 
thod is exact when the lives are equal i but 
it gives results which ai'e to& far ftoni the 

. truth, 



truth, when there is any considerable inequa- 
lity between the Hveii . * i. . . 

It is with* Fdkctatste 1 have^ mad^flMa^ft of 
lixese remarks. Mr. De Moivre haar lAtde 
very important improvements in this branch 
of science ; and the &ig6<!st respect is due to .' 
his name and authority. This,' howeveiv 
only renders these remarks more ^edessaly; 

In the first Chapter ('Cluestion l Jth, ^2th, 
15 th, and l6th •.) I have ^iven a minute ac- 
coimt of the method of finding, in" all cases, 
the values of the reversions which ha?v^ b6en 
the subject of this^]^ssa3r.r— But Mr. MorgAn, 
in his Treit^stf bii life -Absuraii'ctei hbB eke- 
ried t^ ctiqpkt^ ftnkc^ farth^. 



* In 9o\^ti QatsAftit ilth md t!hh, here WeBrMJto, 
I kave made-»e of Mr. j$ii9»/tfonV rules in bis Sj^l^ Ex* 
erJHses, p. iiSJ aii4 p. ji9& Mr> Mergan-, ill hi&( Treatise 
on Life Assurances, adopted the method of solution from 
^hi>)rMr. Bh^i^ dsdmed ftr^ai^ tuIg^ ; btft h& to btely 
dSscotcred that it is an aypradiif^oBr which in Some cadiss 
givies resuHs tliatare mu^h tioo distant from the truth. See 
MM on tMs'siAjeet at: l!He ^dbf ihU Voldiii^, \^h<^rb tiA^ 
{MMgeMi if tltt. JMM^D^^ te fod&il #Bic& ^v^ ih 
all cases the correct values of subis payableon ^nya uf v i yrfiH 
' ships beti)*een any two:#r thvee liveai 
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Account of the Values of the Renetval of 
Leases^ wad of the Method of computing 
them. ' 



I • 



TABLE, 
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Shewing the Fines due on the Renewal of a 
Lease of Q l Tears after 5, 7, 9> or i X 
Years tave elapsed. 
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Values of the Renewal. 
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At 8 per cent.! At 10 per cmt. 
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The value in every case of this kind is 
the difference between the vahie (in Table 
li. Vol 11^ of the whole term, and the value 
(in the same Table) ^ the unexpired part of 
the term. 

If leases are held by lives, the value of 
their renewal is the difference between the 
value >Df all the lives (including the life or 
lives to be added) and the value of the exr 
isting life or lives. For example. 

The value of the renewal of a lease held 
Vy two lives after dne has dropped is (sup- 
posing t&e existing Ufe aged 50, and the life 
to be added aged 20) the difference between 

16.033 



r' 



iJic Renewal of Leases, &c* ioi' 

16.033 (the value by Table XIX. of the sin- 
gle life of 20) and g:GB6 the valoe by Table' 
XX. Of* the joint lives' 20 and 5X)K That is, 
7-403, or 74^ oif a yeiars purchasfe nearly, 

reckonih^ interest at 4 per cent. ^Again,' 

the value of the renewal of a lease held by 
three lives, after one * is dro^^ped/ is (sup- 
posing thfe two existing iives aged^HJO' dhd 
5-*v and the. life to be'adddd aged 20)' the 
differ^fice between thfr'val^ife of the longest of 
ffie'tlttfee lives and tfe vialue of the lon^fet of 
t\*^ lii^s ag^ SO.aiia 35. ThefbriAerof 
these- vilties by TibleS XIX and XX. is 
18.178^, the latter by the same Tables is 
13.872': their difFeirence is 4.3o6, or 4 *. 
years purchase ; wllich, thereiorfe, 16 the fine 
duefth-sucfh a renewal, I'dckoningkiterel^l^ 
4 per cent/ ' '''-'« '■;•; •"i '{'■ "••• 

' ' N.B. if the valtifes- 6( such rericW&ls ane 
wanted at any ratesf df* ihterest'ttehfer or 
lower thah 'those fof Hvhicjh the^'^rifoes of 
sitiife' and joiwt litds' Are giv*n" in ^thfe 'Ta- 
bles m the 2d volume, they mu^ be<Jeduced 
fromv thf<? Valriei in th6&e Tables by the Rules 
giWn^ inUl^ next Cha|llfer.^; 

It would be an ehdte^ labout to compute 
tables shewing the value of such renfewals in 
all oases f Knd the^"dire<:tt]X>ns tender it aii 
uhhecessary labour. ^ 



^ "^ 



. »; fieeipage 2. j ' * .. . . ' 

/^ ^ By. J^b. X. in Simps^s Select Exercises^ or by th« 
Jlule frt the end of Table XXVI. Vol. 11. 
' " See the note is page 43 of tbist volume. 

3 Some- 
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Sometimes « right laay be purchased to 
pat m, on the first vaomcy among the hires 
bjf which an estate ae hekti such a new life 
as thc^ purchaser sh^l dnise. — ^In order 
50 ^A the present Yaliie of such a right, i^ 
is netfesbary to assume some ghren vahie im 
t^ hfeto.be nominated^ and tbia assumed 
tpS^e- imiltipried by the difference between 
tiie vsdtne^of the jSKi^tixig hfe, if there is bu^ 
<Me (or the Tdlue of &o joint continuance 
df tiie elistin]^- ti^esy i# tiiere are two oi 
>K)ce)' aif4 the perpetuity $ and t^e producti 
divided by th^ fnpetuity, will gi^e the an-^ 
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EXAlSlPLE. 

iiet thjcre be hot one existing life, and 
)^ it l>e a male li£^ its age £0, and conse- 
quently its value (by Table XIX^^ 10.269^ 
fedbanwg intcirest it 5 ^^ cMt.-^ — ^Let the 
\£t to* Afceeed it b€) leokoned a Ike' of the 
j^eatesf .possible valuei that is, a ^e aged 8^ 
atfii eohse^ue&tly worth^ (by ike same: Table) 
15^336 yo^r s purdiase at ^er c^x/.^-^tlia 
dftftfl^lide bet^ee)|' 20 (the pefp^uity) and 
10.269 multiplied, by ia.a3d. is -148,164; 
whi<;^ produeti, dihrided b^ SOy givea 7.4!08; 
^ftnewer. 

If thd^afe twaexiating live^botb 50, the 
value of their joint continuant will' be O^y 
Table XX.) 7-522; the difference between 
which value and the perpetui^ m V2A7S, 
^^^hkrli* nftfttiplicd by \6.iit^^ aiid tfie pro- 
duct divided by the perjgetiu^r ^ves g.^ the 

answer 
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answer in this, case, or the number of years 
purchase which ought to be paid for a right 
of renewing a lease now held by two lives 
both aged 50, hy putttw^ in the best life in 
the room of the first of the two lives that 
shall happen to drop. 

. The rule for finding the vabie i» the tj^ame^ 
if the riglrt to be sold is t^e rigl&feof pre- 
sentatfon to a church-Cvihg^ at u\e <leatn <^ 
the present incumbent. 

Tttt estate meant in tfresc rules is* tht nfett 
inrfitif^ rene aft* dedacftittg alt li^a^ alfd re- 
pairs. 
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CHAPTER IV. 



r 

On Mr. De Moivre*s Rules for calculating 
the Values of Joint Lives ; tvith a Post- 
script, containing a Specimen of the most 
expeditious Method of calculating the Fa- 
liies of Single and Joint Lives, according 
to any Table of Observations. 

1 HE calculation of the values of single 
and joint lives, from given Tables of Ob- 
servation, being tedious and troublesome; 
Mr. De Moivre has had recourse to two hy^ 
potieses, which give easy rules for this pur- 
pose; and which, he thought, corresponded 
with sufficient exactness to Observation. — 
The first of these hypotheses is, that the pro- 
babilities of life decrease, as we advance from 
childhood to old age, in an arithmetical pro» 
gression; or in such a manner, that the differ^ 
ence is always the same, between the num- 
ber of persons living at the beginning of any 
one year, and the numbe^ Irving at the be- 
ginning of the next, following year. — The 
other hypothesis is, that -the probabilities of 
life decrease in a geometrical progression ; or 
in such manner^ that the proportion is al- 
ways 
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ways the same, between the number ctf per^ 
sons living at the beginning of any one year, 
and the number living at the beginning of 
the next following year,— All the Tables 
of Observation shew, that the real law, at> 
cording to which human life wastes, comes 

^ much nearer to the former hypotJiesis, than 
the latter.— In Tables V. VIII. and XV IL in 
the next volume, it is so near the former b^po- 
thesis, that the diflference between them in the 

, middle stages of life is scarcely worth re- 
garding. According to this hypothesis, there- 
fore (accommodated to the Breslaw T^ble, in 
the manner mentioned in the note, page 2.) 
Mr. De Moivre calculated the values of single 
lives ; and the rules founded upqa it for this 
purpose are so easy, that an operation >vhich 
would otherwise take up much time, may 
be performed almost immediately. 

By proceeding on. the same principles,, the 
values of joint lives might have been calcu-^ 
lated ; but the rules for this purpose derived 
from these principles, are far from being 
equally easy in practice. Here, therefore, 
Mr. De Moivre quitted his first hypothesis ; 
and finding, that the second hypothesis af-r 
forced, in the case oi joint lives, rules that 
were as easy as the rules given by the other 
hypothesis were in the case of single lives, 
he chose to adopt this hypothesis ; believing 
"at the same time, that the values oi joint lives, 
obtained by rules derived from.it, would 
not deviate qiuch fjFom the truth. But in 

this 
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ibm he was greatly fiustaken. The va)il^ 
4»f tU^Jmnt lives obtained by these rules are 
«o wrong, that in fiAding the jpi^eeent value^ 
in a ^ngte pm^ftnentj of one life after ^another^ 
Acy gen€raUy give results, which are near a 
^imier of the triae value too great; d4i4 
about tHHh^ftks too great, iv^d the value h 
sought in amnial payments <iuring the joint 
)iv«9- These are eprors so considerable, that 
I tfiiiik it of particular importance that the 
public should be informed of them, in order 
to prevent the inconveniencies and perplex!^ 
tiiCS they may occasion. 
' Mr. Simpson (in the Appendix to his Trea- 
tise on the Doctrine of Aniiuities and Rever-* 
m>ns) has obser^•edJ that Mr, De Moivres 
rules for finding the values of joint lives arc 
Vfong. But 1 don't know, that it has been 
ever attended to, that they are so wrong as I 
have found them. Mr. Siwpsofis remarks 
point out chiefly the errors in these rules; 
when the values of three or more joint lives 
are calculated by tliem; but, till I /was 
ibrced to a particular exaijrination of thi» 
subject by some difficulties into w^hich I 
found myself brought by following Mr. ^De 
Moivre too implicitly, I did not at ali sus- 
pect, that any such errors as I have men- 
tioned could arise from these rules, when 
the values of only two joint lives are calcu^ 
lated by them. Mr. De Mbivre^ in con- 
sequence of other remarks contained in Mt/ 
Simpson s Appendix p altered, int^4thedi^ 

tion 
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tion 4)f ikis Trratke, some of Ms ndas. *& 
is surprizing he did not mc m2(^o(i at 4i^ 
.sane ^me to alter thtee. 

That there ^may be no doubt jkbowt the 
truth of these observations, I unH just mea^ 
tion a 4kw eKamples of the di^raice *be- 
iweeh'the values >of a given MvereiM^^My an^ 
^uity, according to the ruks 4» whurh I 
liaYe ol:^ected, and the ^ues, according to 
the ^caet method ^ deducing them from 
Mr. De Mgkfre^s first 'hfpathesM. 

Let the f>roposed annuity be ^30 to ^ 
<6njoYed for what shall happen to remain of 
die life of a person now 40 years of age^ 
2^ex tl^e tife of another person of t^ same 
age. The vaju^ of the joint lives (interest 
being at 4 per cent.) is, by the* 2d hypoth«iS^ 
or Problem 2d of Mr. De Moi^e Ti^atise 
on L^Annuities, 8. 0^4 ; which silbtraeted 
from 13.196, (the value, by the first hy^ 
pothesis/ oif a single life at 4o) ^ves 4.428 ; , 
which remainder, multiplied by M, ^vtt 
^12|6«9, ^^ th^ iiralub of the reveiyion m 
a single present payment. And 12^,9, di* 
vided by the ibregoii^ v{due of the joint 
MyGB, is ^I4.i6; or, &9 value of the Wh 
ve^on in annual payments^ during the joiot 
lives. — ^Bttt the ime values are j^ioi.l in % 
single payment, by Quest I. QMip. I. and 
^10.3^ in mmiel payments, by Quest. IT. 
— The fomm values^ therefore, aie a quprter 
of the true value too great in the sk^U p^<» 

ment ; 
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ment; and. near two^fths too great in the 
•aft/ifftf/; payments* ^ 

The true value of the same annuity for a 
life at 66, after another life of the same age, 
is^.(i?eckdning interest as before, at4 per cent) 
^Gs.iix.Si single payment; and ^13.5 in 
aw^tro/paymeiadta* — But these values, accord«- 
ing tp the Problem just quoted, are dEg \ and 
4£2\, one of which is near a third, and the 
iOther above lia(f the true value too great 

In unequal lives these errors may be no less 
considerable. — ^Thus; if the value of the 
proposed annuity be required for a life at 70, 
^fter a life at 30 years of age ; it will, by 
-the same Problem, be ^26.5, in a ^iitg'/e pay- 
ment; and ^5.1, in annual payments during 
the joint lives. But the true values are ^1 7 
and ^3.05'. 

Where 3 or more lives a,re concerned tlie 
^rf.ox» will be still greater. 
:y The true values of the joint lives, men- 
'^tipned in these Examples, have been calcu- 
il^tod.by a rule in page 16, of Mr. Simpsons 
TreMisc on the Doctrine of Annuities aild Re- 
versions, and explained in Note (L) at the 
^end of. this volume. — To save, . however, a 
greflitdeal of trouble hereafter, I have thought 
|>ifoper,to calculate Table VII. in the next 
yoluQie, which gives the exact values accordr 
ing to Mr. De Moivre s Jirst hypothesis, of 
two joint Uves, for every five ypars of human 
Jife, from 10 to 70. 

This 
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This hypothesis, I have observed, does not 
differ much from the Tabjes of Observation 
for Breslaw, Northampton^ and Norwich. Be- 
tween the ages of 30 and 40, it gives the va- 
lue» of sif?gle lives almost the same with the 
BreslawTable. Under 30, it gives them some- 
what less; and above 40, somewhat grca/er. 
But it ought to be remembered, that where- , 
ever it does this, it gives, at the same ages^ 
the values of the joifit lives also too little or 
too great; and that, consequently, the re- 
sults from it^ in calculating the values of fie- 
ve7^siens, and of the longest of given lives, 
come so much nearer to exactness. 

The rules to which I have objected are the 
only ones given by Mr. De Momre, in all the 
editions of his Treatise on Life- Annuities. 
But it seem$, this great mathematician be- 
came at last sensible, that they were too in- 
correct ; and therefore, at the end of the last 
edition of his Treatise on the Doctrine of 
Chances, page 32o, (a work which gets into 
comparatively few hands) he has given other 
rules which come nearer the truth. But 
even these rules produce errors so great in 
many cases, (particularly when combined 
with the errors of the hypothesis) thai it will 
be best never to use them. 
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POSTSCRIPT 

FOR THE FOURTH EDITION. 

I^INOE the former editions of this work I 
bare found reason to be dissatisfied with 
Mr. De' MoivrS^ first as well as his second 
hy]^thesis. There is no situation in which, 
itt the first and last periods of life, it cor- 
responds to iact; and in some situations, 
particularly great towns and country parishes, 
it does not correspiand sufficiently to fati in ' 
amf periods of Hfis. An inspection of the 
Tables of Observation in the next volume 
will prove this. However useful, there- 
fore, this hypothesis ^ may be in many cases, 
it would be best not to be under any he- 
oesttty of having recourse to it; and foi; 
this reason, and also to render this work as 
complete as I am capable of makinjg it, I 
have, while this edition has been m the 
press, and with the help of some friends; 
calculated the tables in the next vohime of 
the values of single and joint • Kves from 
the Northampton register of mortality. This 
register has been chosen for this purpose, be- 
cause it gives the mean values of lives be- 
tween the highest and lowest, and is oji this 

*. The Talu^ of the reversionary annuitj, mentioned • 
in p. 208, is by these Tables 14.83 in annual payments, 
instead of 13.5, as tliere given from the hypothesis. 

account, 

.1 •' 
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^ccountj and also in consequence of th^ 
corrections I have made « it. better fitted 
for general use than auy oAer.— I hsv^ 
However, retained the Tables of these values 
according to Mn De Moivr^s Hypothesis, 
published \n the former editions of this woA, 
because all the examples: in the preceding 
part of thiswork have been taken frorh them> 
and there are some cases in which they may 
still prove of use. 

'The computation of the values of joint 
lives correctly from a given table of Obr 
servations, is a business so tecfious ami th^ 
some, that it Iia3 scarcely been ever exe- 
cuted, (Except by Mr. Simpson from the Lon- 
don Observations ; and as these give the va^ 
lues af lives among a body of people taken 
in the gross in one of the worst of all si- 
tuations, they are by no means fit for com*^ 

mon use. 1 have therefore, employed a 

good deal of attention to find out the most 
ea&y and expeditioosmcthod of making these 
calculations ; and I shall here, give the fol- 
lowing Specimen of a method (deduced from 
that described by Mr. Morgan in his Treatise 
on Life-Annuities and Assuxances^ chap. 2d9 
sect. 2d, p. 56).. which, at the same time 
that it renders mistakes impossible, viUex^ 
pedit^s this ^or^ as much as the nature of it 
will allow, and render the compiitation of 
the values of any number of joint lives no^ 
more difficult or tedious than the computa- 

p 2 tion 
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tipn of the values . of aij equal number of 
single lives. 

, Let the Tabk of Observations be tbat for 
Northampton, or Table 1 7 th, in the next vo- 
lume } and let the rate of interest be 4 per 
cent. 

Write dovirn on a paper to be always kept 
in sight the Logarithms of all the numbers 
in the column of the living without the In^ 
dices. 

EXAMPLE FIRST. 

livii^atage o — ii65o — ^Log"\ .o6632^ 

1 year 8650 — .937016 

&c. &c« &c. 



. age 81-^ 


400- — 


.60852d 


^3 

82— 


, 346— 


.539076 


83— 


289— 


.460897 


84 — 


234 — 


.369215 


A;c. 


&C. 


&:c. 


age 01— 


34 — 


.531478 


92— 


24 — 


.380211 


93— 


16h- 


.204119 


94— 


9— 


.954242 


95— 


4 — 


.€02059 


96— 


i — 


.000000 



Find the Logarithm of ^l> increased bj 
its interest for a year, and also the Ix>ga* 
rithm of the value of ^1, payable at the 
iend of a number of years equal to the dif- 

a ference 
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ference between the greatest and least ages 
in the Table of Observations lessened by 
the difference of age between the joint lives 
"whose Y^ues are to be calculated* 



EXAMPLE SECOND. 

Interest being at 4 percent sB\^ increased 
l>y its interest for a year is 1.04 ; and the 
liogarithm of i.04is •0i;^0338. 

In the Northampton Table of Observations 
the greatest age is 96/ and the least age o. 
The difference, therefore, is 961 and sup- 
posing the given difference of age between 
the two joint lives to be 1 years, the value 
of ^1 payable at the end of a number of 
years equal to the difference between the 
greatest and least ages in the table lessened 
by the difference of age between the joint 
lives, will be the value of ^i payable at 
the end of 86 years. Table 1 st, in the next 
volume, shews this value to be .0342872 
{reckoning interest at 4 per cent.) the Lo- 
garithm of which number (striking out the 
Index) is .53^2 33. 

N. B. The best way of finding this Lo- 
garithm is by multiplving the Logarithm of 
5^1 with its interest for a year by the dif- 
ference between the greatest and least ages in 
the Table lessened by the difference of age 
between the joint lives, and subtracting the 
product from unity. The remainder will 
be the liOgarithm sought Thus, in the 

present 



» 

014 Of the Method ofadadating 

present example .0^70339 multiplied by 86^ 
gives (Without tbe Injlex) .464864, which 
rabtrtcted frpm unity leaves .535l36.<— < — 
Had the given di&rence of age between 
the two joint lives been IS years, and the 
youngest age in &e Table of Observations 3, 
and the oldest 94, the Logarithm .0170333, 
tnatead of being multiplied by 86, must 
harre been multiplied by 76, and the i>n> 
duct (without the Index) subtracted uotn 
Wiity would have been ,.705469. 

Having made these prqparatioos, the cal^ 
culatiwis must b^ia with the oldest join^ 
Uvei^ And proceed upwards according to tha 
foUowiog specimen. 
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BSEKVATIONS. 

tion of the Logarithms in this 
; decimal parts only are to be 

:ting them, it is of no conse- 

hcr a Logarithm is greater or 

from which it is to be sub- 

:olumn, the numbers in the 
), E, F, G, H, give the value. 
mbers give the proof. 
iOgarithms in the lines B and G 
le Logarithms of the numbers 
at the oldest ages in the Table 
)n8, which have the given dif- 
ge, and the following Lega- 
le IjOgarithms of the nombers 
ext ages, each one year younger 
eding. 

of the two joint lives are the 
the Logarithms in H ; and the 
5 values consists in the equality 
the numbers in L and M in one 
e number in Min the following, 
id it should be particularly ob- 
lis proof answers sufficiently if, 
ce of placing Jhe numbers in L 
)nc another \n any order, a siim 
: out whose first 6 figures are 

5 or 6 units to the succeeding 

. If the proof does not snswpr 

within 
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i?rithin this fimit, the calculations have been 
too incorrect S and it will be necessary to 
examine the numbers not' verified by the lajst 
proof; namely, the numbers oF the two 
.Logarithms in I and H in the preceding co- 
lumn ; the Logarithms in B and C and D in 
the subsequent column ; and the Logarithms 
in A, E, F, G, H, 1, and K, in the column 
where the proof is found to be deficient. 

EXAMPLE. 

« 

The addition, in the foregoing specimen; 
of the first numbers in L and M to one an* 
other, when the first figure in M is placed 
under the second in L, makes 315020, which 
is within one unit the sanie with 315019, 
the second number in the line M ; and this 
proves the calculations so far to be suffi* 
ciently correct — — In like manner; the ad- 
dition of the third numbers in L and M 
gives the fourth in M within three units. 
But had. the addition of the numbers in L 
and M given the subsequent number in M 
only within six units ; that is, had it' given 
the number 287947 or 287936, an incorrect-^ 
ness of too much CQnsequence must have in« 
sinuated itself, and it would have been pro- 
per to examine the numbers and Logarithms 
just mentioned, in order to detect it. 

* This supposes that the values of thfe joint lives are to 
he found to three places of decimals. The agreement of 
Jive figures within 4 or 5 units will be sufficient^ if tUe 
values are required only to two places of decimals. 

Li 
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Ln calcuUting the Uut value ; that is, the 
yalue when the joungest of the lives is the 
youngest in the Table (or a life just bom, 
according to most Tables) this {Hroof wiU 
change into a new proof^ verifying all the 
preceding values. For the Logarithm of ^1 
with its interest fo;: a year (tbat ist .01 7039 
when the interest is 4^per cent) subtracted 
from the Logarithm m F^ wi^ leave a Lo«* 
garithm, the num))er of which will be the 
sum of the num1)ers in L and M in the pre- 
(3edifig column. 

This Specimen will be accommodated to 
jjthe calc^lMion of the values of Wigle lives ^ 
jby striking out the Logarithms in C, and 
inakinig those in D the saibe wiiii jthose in 
B ; and also making the first Logarithm in 
X, firom which all that follow are deduced^ 
tbe Logarithm of ^1 payable at the end of 
a number of years, <^ual to the oldest age in 
tbe Table when it begins at birth, or to the 
di^etence between the oldest and youngest 
wheait begins at any age after birth* 

This Specimen will be accommodated to 
calciUatibn of the values of any three 
joint Uvea, if to the Logarithms in B and C 
are added (in order to obtain D) the Loga^ 

"* In thif caw, and alst) in cftlcul«tii\g thenlm «f ^fso^ 
joint lives, the first Logarithm in F (when the number living 
%X the oldest f^ id tbe Table is will be nothing $ but 
liotwithstandlne this^ the first Logarithm in G mu»t be «ub^ 
tiracted froih it ju$t as if it waa uaity^ in order to obtam the 
first L^gariUun in H. 

^ rithma 
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rithms of the numbers living at any other 
ages, the difference between which and the 
agefi in B and C is given ; and if, likewise, 
the series of Logarithms in A is deduced 
from the Logarithm of the value of ^i, 
payable at the end of a number of years 
equal (if the ages begin at o) to the oldest 
in the Table ; or (if they do not begin at o) 
to the difierence of age between the oldest 
and youngest in the TaUe ; lessened (in both 
cases) by the differences of age between the 
oddest and youngest of the three joint lives 

whose values arte sought. ^Thus. Sup^ 

posing the given, differences between the 
ages of the joint lives^ whose values are to 
be calculated to be 5 add l o years, and the' 
interest 4 per cent, and the Table of Obsei> 
vations to terminate (as the Norlhampton Ta- 
ble does) at 96 years of age, and to begin at 
p. The series of Logarithms to be added 
to those in B and C in order to obtain J), 
will be the Logarithms of the living at 91 
in the first column, at 90 in the second, at 
89 in the third, &e« And the Logarithms 
in A will be the same with those in the 
Specimen. But had the differences of age 
been 10 and 15 years, the Logarithms to 
be added to those in B and C would have 
been the Logarithms of the living at 8i, 80^ 
79, &c. and the first Logarithm in A would 
have been the product of 81 into .017033 
jBubtracted from unity or .620302, and the 
jQoUowing Logarithms in A would have been 

.017033 
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.017033 added continually to this Loga- 
rithm. 

It is hence evident that in this method 
computations of the values of any given two 
or three or^bttr joint lives arc nearly as easy 
as computations of the values of single lives ; 
and may, after some practice, be performed 
almost as expeditiously as the numbers can 
be written. 

An error in a book of Logarithms may, if 
not suspected, produce infinite perplexity; 
and therefore, when, after repeating any cal- 
culation, the source of an error cannot be 
discovered, it will be right to examine the 
Tables from whence the Logarithms have 
been taken. In general, the order in which 
the numbers follow one another will imme- 
diately discover an error of the press ; but if 
not, a different book of Logarithms should 
be consulted ; and if possible, Mr. Gardi- 
KER*s, which is so correct as to be almost 
invaluable. 

It may be proper to obser\^e once more, 
that it is \^Ty easy to take from Sherwin's 
or Gardiner's Tables the numbers of Lo- 
garithms, and the Logarithms of numbers 
to six figures ; and that if this is done, the 
resulting vahies will be always accurate to at 
least the third place of decimals. But, if 
Such a degree of accuracy is thought need- 
less, it w ill be sufficient to take them to fve 
figures. 

The 
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The Theorems on which the method of 
calculations here explained (exclusive of the 
proof) are grounded, will be given in note 
N at the end of this volume. But a more 
distinct investigation of these Theorems, 
and also an explanation of the principles on 
which the proof is founded^ has been given 
by Mr. Morgan in his Treatise on Annuities 
and Assurances. Chap. 2d. Sect. 2d. 

The rules for finding, from the values of 
two or three joint lives, the values of the 
longest of any two or three lives ; and also a 
very easy rule for obtaining nearly the value 
of any three joint lives from the values of 
two joint lives, will be given in the next 
volume at the end pf the Table, shewing 
the values of ^two joint lives according to tlae 
Northampton Observations. 



Account of a method of deducings from the 
correct values (according to any observch 
tiousj of any single or joint Itves at one 
rate of interest, the same values at otber> 
rates of interest. 

PRELIMINARY PROBLEMS. 

Problem I. The expectation given of a 
single life by any table of observations, ta 
find its value, supposing the decrements of 
Kfe equal, at any given rate of interest. 

Solution. 
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SoLtmoN. Finding in Table II. the value 
of an annuity certain for a number of years 
equal to twice the expectation. Multiply 
tWs value by the PEKPETurrr increased 
by unity, and dividfe the product by twice 
the expectation. The quotient subtracted 
from the perpetuity wiU be the value re- 
quired. 

EXAMPLE. 

The expectation of a life aged ten, by 
the Northampton observations (See Table 
XVIIL) is 39.78. Twice this expectation 
is r9-56. The value of an annuity certain 
for TQ.56 years is, by Table IL (reckoning 
interest at 4 per cent) 23.894. The product 
of 23.894 into 26 (the perpetuity increased 
by unity) is 621.244, which, divided by 
19.56, gives 7. 808. And this quotient 
subtracted from 25 (the perpetuity) gives 
1 7 . 1 $2 years purchase, the value of a life 
aged ten, deduced from the expectation of 
l^e at that age, according to the North- 
cunpton observations. 

This is the rule by which Mr. De Mokrc 
has calculated the table commonly used of 
the values of lives according to his hypo^ 
thesis ; and from this Table (the sixth Table 
in the "next volume) the value required in 
this problem may be deduced more com- 
pendiously in the following n>anner, pro- 
vided the expectation does not exceed 38. — 
"Take the difference between twice the 

" expectation 
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^ ttpectatkm and 86 ; and th€ value in this 
* Table corresponding to that difference, if 
^ not Ictt than lo, wi^ be the valAe sought.* 
Thn»; twice the eirj&ecfti/fen of a life ag^ 3a 
(that is, its complement) is, by Table XVTIrt \ 
56.54. THie difierence- bfctweenkand 9Q,^ 
is 39-461 And since the value cofrespand* * 
ing to age 2^ in Mr. Be Mbwfds valuation 
of lives (Of in Table VI. ifA the next voiume) 
is (redtonirig interest at 4 per cent.) 14.»l6; 
and the value cortespondSng to age 3a fs 
1 4 .6 1 4 ; it is obvious, that the vahie cor- 
responding to age 2Q.46 must be the greatest 
of these two values lessened by -.Vr of the 
difference between it and tb^ least. This 
difference is\202; and ^Vt of it (or .202 
multiplied hy .46) is .0g3, which subtracted 
from I4.8i6, gives 14.723 the value sought 
of a life' whose expectation is 28.27' (or 
whose co'mplemeat is 5^.54) on the 5up^ 
position, of an equal decrement of life. ' 

PROFLEM 11. 

Having the exp^tations giv^n ^ any two 
lives by any table of observations^ t^^ dedupe 
from thence the value of Ihe joint lives at 
any rate of interest supposing an equal de- 
crement of life. . 

%■ 

S^tunoN. Knd the difference between 
twice the expectation of the youngest life> 
and twice the- expectation of the oldest life 
increased by unity and twice the perpetuity. 

Multiply 
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Maltiply this difference by the value of an* 
annuity certain for a time equal to twice the <^ 
expectation of the oldest life; and by twice* 
tbe same expectation divide the. product^ re- 
serving the quotient 

From twice the perpetuity subtract the 
reserved quotient^ and multiply the remain- 
der by the perpetuity increased by unity'. 
This last product divided by twice the ex- 
pkcctation of the ^ungest life^ and then sub- 
tracjted from the p^petuity, will be the re* 
quired value. 

r 

EXAMPLE. 

. Let the joint lives proposed be a life aged 
10^ and another aged 15, and let the table, 
of observations be the Northampton Table, 
and the rate of interest 4 per cmt. , Twice 
the expectations of the two lives are 79-56 
and 73.02. (See Table XYIIL) 

Twice the expectation of the oldest life, 
increased by unity and twice the perpetuity, 
is 124.02, which lessened by 79-56 (twice 
the expectation of the youngest life) leaves , 
44.46 for the reserved remainder.— —This 
remainder multiplied by 23.574 (the value 



^ When twice the expectation <rf the youngest life is 
greater than twice the expectation of die oldest life in- 
creased by unity and twice the perpetuity^ the reserved quo- 
tient^ instead of being sultracted from twice the perpetuity, 
must be added to it, and thp sum, not the ii{^aic#, mul- 
tiplied by the perpetuity increased by uniur, 

of 
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of an annuity certainly £^f yiAi2 «j«ttni) and 
the product divided by 7 6. oil ^tiirke the ex- 
pectation of the oldest life) 9Tes I4.9fi2.tb£ 
quotient to be resetved; Which laubtrtelied 
from double the pcfpetulty, and the Toiqain* 
der (or 35.648) mult^ied by the .perpetuity 
increased by unity (or by 2€> givea QH&Mf 
which divided by f0.56 (twuxt tbe laqptfe* 
tation of the yotrng^tf life) and 1||0 mipti^ 
subtracted froni ' tlib perpdtaity^ We have 
13.350 for th^'M^uil^fv^uew ** It / T 
This calcuIaUdti niay ^be ^madfe illoie tmfA;^ 
by logarithms tn-^he-ibllowing manner. 
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' ^ HkiH^iitaKy %tieii 4!he WmbA of yenn h a wbofe 
namber with a fr a ctiai i tj Mi tA (as will be comiQODly the 
test) iaQribe>fae^foteMled.in^he &lloiwtf .maim- 
- SupfMs^ tiiv number of years to be 8SS8. 
'^'^ftht Mdue ^fian annuity certun for 83 yean it (by 
%Mefi. T«I. IL) 24.035. The aame value for 84 yean 
is 24.072. The difference between jthese two yaluea 
is .037 ; which difference multipyed 1^ «28 (the ftactiotial 
part of the number of years) and l£e product (.0103) 
(4Api^ ^ die /eotf 4 ^ «b^ tvp yi|lu^» will five 9i.Q^ the 
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Twice 
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Twice the cx^ta-? j^^^ 
tion of the eldest isS, ^ 
Add twice the pei^i 
petui^ increased^ 5Uoo 
by unity, - • ) ■ 
Sum -* *• 124«D2 

SuBmtACT twice^ 

Ilieei:peotatioaof> 7g.56 !. 

^ycmqgest - ) ■ . ■ ■' 
' JRefnaioder -- 44.40 
Log. of 44.46 is 1.647,9^^5 . 

Log. of >28;S74JS. 1,872^338 

Sum - - S.02O,4028 
s V ,Sabtiact , - M63,'i418l^of;3i)2 



t • 



i/ J 
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y tQ be ntenred^ * 
Twice tb^perpe-l «. 
' tuityig J 

Subtract . i4.S52 ' 



• 1 



' 'Remfins -«-' 55.648 Lo^. of which u iSS^WSt 
Add L<^. of the perpetuity mcreaaed by imity ItM^y^TSS 



Sum - • 2.967,0065 



Renuuiider * • IMl^SlVI 

THi^ number of this last remainder is 
1 1 .650, which subtracted from 25 (the per- 
petuity) leaves 13.350^ the value sought. — 
See the algebraical canon in Note (L) at the 
end of this volume. , 
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GENERAL RULA. 

"•Call tile correct value (iropposed to tib 
boiMputed for any rate of interest) the first 
VcQud 

•Csill the Value deduced (l^ the preceding 
probleus) fttom the daipedfaibns at the same 
Mite of'inleirest^ the sbcond value. 
, >CaU the value deduced from the etpecia^ 
iioMB fllranj 'Other rate of interest the Tfiiitb 

Then, th^ difierence between the Jirst and 
second values added to or subtracted ^^it>m the 
third Vdlut^ just ks i^e first is greater or lesg 
thai) iStMt^8imndy virillbe the 'value at the Hate 
•f intawt &r which the Mntn * vsdte" has 
been deduqed from the expectations/ 
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IhefoUinving examples will make i^ per» 
I- ' . fectly plain, 

.'\ ' ,.* . * EXAMPLE L' \ • ." • 

In the 48th an&v4gth Tables, Vol 11. the 
correct values are given of two joint lives 
aoipng mankind at large» without distin^ 
l^ishingtbetweeil* males and females> accord^ 
ing'4o the Sweden observations, reckoning 
iptevwt at a. per cent. 

l^t iC be required to find from these 
v^diues the. values at a per cent^i and let the 
1^ of the joint Mves be supposed lo and 
!•• 

' 42 The 
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The correct value by Table XLVIII, 
(reckoning interest bt 4 pef tint.) is l6.i4i. 

?lie fxpectati«a of b lif^ 9ige^ 10 is |by 
aiM XLIV^ 4S.p;. Tbe T«r«e dedwsed 
from this expectation at 4 per cent. Isj 
Vt^r Ih IS: I4i$^. . The ifukie didik^ed 
by tb$t. eame probleq») fitra the saime «k^ 
|>ectation at 2 pw eenl.,A9 l^^MiB. Uur 
ib&);j^fHre )>et ween ^^tf^rtwuAummiiMaSAe&p 
ift ),^03^ y^bicbi: 9|4<)»1 tp this ttihrd ladiie 
(the first bem^ greater than the seooM) 
p[^e§ia^:40ibe¥(iIuedretCfirfed»Mt i 

r Jf^i A§ yalnea. : W rb^vir^ iof . twb joint 
^Kf ^.^9fi!9d , i^ f nd !6«v at An intmst of • 
jDer cent. fr4^ tbe ^K^rtsct vahie ^(iiteit at iftd 
interest of 4 p^ €c«/. according to the North-^ 
ampton QhscTy^ti€ms. \. , 'r'^ 

rir«V or coire'ct vaW, s^ 4 ^cr c««^. by 
Table XXII. is 0.gf8^." The expectation 
of So is 17-991 ^ 6bi.fe- 13.21, by Ta- 
hlb WUV The. nu^lul rilm o^- the 
ifftkleMlc^ueed iiroin /A^se e^qpeettitibM lit 
4 i/i^ osMt. i% b^ A-oU li. 'rvlCC. Hht 

nilMi'iisfcctelMBa at 6 ipm^tent.' ii ^.744.V^ 
The difierence between the ^t^M ''seidhS 
is>i93r 'wfaifiz';(siilc^'tiie;iM:ofltf ifti^«ilter 
thanribe^ ^s(i tavat^sttbtrndndo^i^^lKi^ 
|iyr</> an4.^ramaHtcler ^» r^n^ ^11'^, 
the value required.— The exact value at*S 
recent, is, by Table XXIL f .460. 

If 



^ diffltr^* l?W*'^ lfllW*tf • 99St 

If the vajlug }§ r€quiF^4 H^ ^ per cent the 
Ifiird v^ljue ^iU b^ 679,2; an4 the differengf . 
^nbtncted ixqxi^ ^7^2, will ie«v« 6«$«9 ih« 
\aliie at A /^r e^^t, 

The e^rocf vali^o at this n\fi q( in^fe^ts itr 
% Table XXJI.) 6 $68. 

EXAMPLE Ul. 

Let the value be required of a single male. 
life nfgcd 1 0, at 3 per cent interest, m»m the 
oorrect rahm at 4 per cent accordii^ tp the 
SuHsdcn observations. 

finf, or eormct valwe at 4 per cent, (bjr 
T^ble XI.Vll.) is 16.^74. The expectatioii: 
oi* 9 n)«|e )ilb aged 10, is (bj Table XUV.) 

Tl|e ae(«/<^ . value (or the value, deduced 
ff^bi U)i$ expectation by Pitob. I.) is 17.8B8. 

The Mtr«f value (or the v^lue deduced 
£rom the same expeetation at • per osnt) ia 

Ttie di^rence between the first aad aicMid 
is .836 ; which O^ioce the &r8t is greater than 

the second) must be added to the third; and 
the^nm, (that is, 22.113) will be the value 
required, 

The Mir^ value at 5 per cent is 15.286; 
and the difference added to ) 5.286 makes 
J 6. 122 the value of a male life aged 10 at 8 
per cent according to the Sweden observa- 
tions. — The exact value at 6 per cent is (by 
Table XLVII.) 16.014. 

Again 



H<^ Account cf Fklues of Lives 

• Again. The difference betwedi 16.M4 
(the correct value at 5 percent) and! 5.586 
(the value at the same interest deduced from* 
the expectation) is .728; which, added {hey 
cause the first value is greater than the se-^ 
cond) to 13.335, (the value deduced at d 
^er cent from the expectation) gives 14.o63, 
the value of the same life, reckoning interest 
at 6 per cent. 

These deductions, in the case of single 
lives particularly, are so easy, and give the 
true values so nearly, that it will be scarcely- 
ever necessary to calculate the exax:t values 
(according to any given obsprvations) for 
more than one rate of interest * 

. Iff for instance the correct values are cdm^ 
puted at 4 per cent, according to any obser* 
vations» the values at 8, 8^, '4{, 9^^, 7, or 
8 per cent, may be deduced from them by 
the preceding rules, as occasion may'^requife^ 
without much labour or any danger of con«* 
siderable errors.— The following comparisoris^ 
will shew in some measure how far these 
deductions may be depended on. ^ >'^ - 
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Values 
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Value of Single Male Lives hy the Sweoxn 

Table of Obiservations. 



\ 



AgtB. 



5 
10 
15 
30 

6o 
70 



Valuef at 5 per cent. de-| 

dwred fron tlw correct fCorrect tmlvrt by TMft 



TilDes by Tkblc XLYU 
at 4 per cent. 



15.879 
16.122 

15.707 

13.909 

7.969 

5.417 



XLVIlat5f«rc«a/. 



rfM 



15.786 
16.014 
15.624 

13.889 

7.963 
5.389 



Values of two joint Lives hy the Noiit^ 
AMPTov Table of Obsenratioos. 



AflC9» 



5- 5 
15-13 
25-25 
40-40 
60-60 
15-40 
30-60 
50-60 



Values at 5per 
ee$U. dedaced 
froM the cor> 
rectvalQetat4 
peroeaCbyTa 
ble XX. 6i€. 



at 9 per cai/.V*^-. «k. -.«.. 
*'• "ble XX. Ac. 



11.989 
1 1 .986 

10.775 
9.006 

5.842 

10.214 

7.285 

6.555 



1 1 .984 
11.960 
10.764 
9.016 
5.888 
10.205 

7.292 
().568 



15.618 
15.184 
13.389 
10.756 

6.692 
12.308 

8.396 

7.471 



Corrcrtra- 

eaU. by T>- 
bin XX. 
XXL &c. 



15.638 

15.229 

13.383 

10.764 

6.606 

12.459 

8.378 

7.461 



.Values 



ass deahM qf ^ihieA ttf Lwet 

Values of Sinde Lives . hy tbe NoRxiiAMf • 
TOif Table o^ Observations. ' 
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Values atSper 



VJSnwaTjpTr 



Afcii 



iem, detfimtf€limrt ^i^'cmt. Aedurci 
from the cor* lii«i at 5 perj^om the cor- 
Irrct valiKs atlrent. ^y T«A>ie'rect Talues at 
4 p«r cm/, by XlX. 5 per ceMt by 

XtbkXIX. 1 Table XIX. 



4*ki* 



5 
10 
68 



14.625 

15.162 

6.546 



H.827 

15.139 
6.536 



AfM; 



10 
68 



*-^ 



Vaioei at4p<r 

frtim (b^ cor- loe^ at 4 oer 
rrct vallMt at real, by Table 
Spn-cwt. bx^Xi^. 
Table XIX. 



20.435 

20.652 

7.353 



I 



^■' ' 



I 



17.^39 f 17.348 

r7.ioa| i7.58« 

6.020 6.P30 



Valtteiat5j»^ 
dedaced 
fW»m tbe cor* 
rect values at 
.S ptr €rmi. by 
pTable XIX. 



14.810 

15,ljr3 
6.560 



Gonvot 
lues at S pet 
cent, by Tatter 
XIX. 



26.473 
20.663 

7.367 



-•-»- 



Correct Tallies 
at6jMrcen(. 



14.827 

15.139 

6.536 



It may be observed in these exampIeSj^ 
that the deduced values are sometimes ahnost 
the. same with the correct values ; that gene- 
rally they do not difier more than a 2oth or 
3oth of a year's purchase; that in joint 
lives they differ less than in single Kves; 
and that they come equally near to one an- 
other whatever the rates of interest are. " 

The following observation will shew the 
reason of the circumstance last mentioned. 

The value deduce4 from the expectation 
coincides with the correct value when the 
rate of interest is little or nothing; and, 
consequently, the difference betvy^een the two 

5 values 



at.di0rmt Ram ^ fntfiraf. 93» 

y^Hies becomes tb6d little €>r notliBigi and 
to thiA, it is continually tending aa the in^ 
terest is diminished- On the contrary ; the 
f jicrease of value occasiQne^ by the </6crease 
q{ interest tends to make the difiereiice 
greater. There is, therefore, in thia case, 
the counter-action of two cause* which al- 
ways keep the difference nearly the fiame itt 
all rates of interest. 

The preceding mlea seem to leave nothing 
wanting on this subject, except tabka of 
the values of two joint Uvea at ciiu tune mte 
of interest, when the lives are either both 
male or both female lives. But the fol- 
lowing rule for finding these values from 
the values in the Sw£i>£n Tables, will 
render the labour of composing s\ich tablea 
almost needless. 
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Rui.£ for Computing . from the values a£ 
two joint lives inTabte XLVIIl^ an<| 
XLIX* the values of two jbint Uves^ 
both male or both female. 

'* Find in that column of Table ^XLV- 
^ which shews the expectations of lwe$ in 
general^ two ages whose expectations 
come nearest to the expectations of the 
** two mak or the two female lives pro- 
*^ posed 

** From these expectations deduce, by 
^ the rule in p« 223| the value of two joint 

^ Hves 
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i44r , Accouia of Pabies of £ivei •^ 

^* lives at those ages ; and take the difTerenctf 
^^ between this value and the dorrect value at 
'' those ages m Tables XLVIIL and XLIX. 
'^ Deduce also, by the rule in page 223, 
^^ the value of the joint lives proposed, 
^* from the expectations in Table XLV. of 
^ male and female lives. The di&rence 
^ just found added to this last value, if the 
*' value before deduced from the expecta* 
*' tions of lives in general is less than the 
V correct value, or su6tracted from it if 
^-* greater^ will be nearly the correct value of 
^^ the two joint lives proposed,** 

EXAMPLE. 

' liet 'the two proposed lives be both f&^ 
male lives, one i^ed 3o and the other aged 

The expectation of a female life aged 20 
19, by Table XLIV. 89. 15, The expecta- 
tion nearest to it, in Table XLV. shewing 
the expectations of lives in general, is 39.47, 
corresponding to a life aged 18. ■ In like 
manner ; the expectation in the same Table 
nearest to the expectation of a female life 
aged 60, is 19.09, corresponding to age 
4Q^ ^The value (deduced from these ex- 
pectations) of two joint lives aged 1 8 and 
49, is, by the rule in p. 223, 10.245. The 
correct value, taken from Table XLIX. is 
10.851, and the difference is .606, which 
difference added (since the former value is 



* ■ 

at different Rates, of Interest, 288 

less than the latter) to 10.281 (the value of 
two joint female lives aged 50 and 20^ de*' 
duced from . the ex|fectatjbns by the rale in * 
p. 223) makes 10.887, the correct yalue^ 
nearly of the }omtfemcde lives. 

In order to find how^ near the values thus 
found come to the ex»ct values, let the . va* x 
lue of a single female life aged 20, (reckoning, 
interest at 4 per cent) be computed in tho , 
sam6 manner from the correct values givep/ 
in T^ble XLVII. of the values of lives in 
geberaL 

The expectation in Table XLV. nearest: 
to the e^spectstion in Table XLIV. of a jf^. 
maleUte aged 90, is 39.47/ v^hichi in Ta*: 
ble XLV. (shewing the expectation of lives 
in general) is the expectation of a life aged 
IS, ■ ■■ T he value of a life aged 1 8, de- . 
duoed from this expectation by the rule in 
p. 223, is 17.138. The correct value in 
that column of Table XLVII. which shews' 
the values of lives in general, is 1 7.897 • 
The former value is the least, and the dif- 
ference is .759. —The value deduced 

by the same rule from 39.15 (the expecta- 
tion of a, female life aged 20) is 1 7.083, and 
the difierence just found added to this value, 
makes it 17.842, which is very nearly the 
same with 17.872, the correct value in Ti^ 
ble XLVII.— ^ — ^The value deduced in the 
same manner of a mo/elife aged 20, is 1 7.363. 
The correct value (in Table XLVII.) is 
J7.335. 

• • ' • * 2 Value 



^t6t^ 4li:^fgfaf^ of P<lkt$^ ^e. 
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aged ^ is 9.01 S—— Correct value » 9.059 

or* Mb lift aged SO, 'i» 15.7^^9-^ Coined value in 15.'75I 

aged 70^ if, <^0()-^.--<:;<irreo4 vi|lae ia 5.C70 

In calculating by this rule, when Any 
oth^r rate of interest than 4 per cent, is 
used i the vahies of the f^int Uvea, at that 
rate of interest, (dedaoed fh>m the expeeta--. 
tions and from the values in Tables XLVIIL 
and XLIX. zt4per eent.hylkoh. II. p, 223) 
must be taken for the correct values. I t 
must likewise be remeitibered, that this Role 
canoM be used when- the • youngest of the 
twdj^nt lives id Zesk than ten years of age. 
In other cases, thfe valttifs fonod by this 
Rule will be right generally within a 80th 
or 4oth of a year s pureh^e, and never, I be- 
lieve, wrong more than a 15th or 20th of a 
year*s purchase. 
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Letter ioi^ ^^iifMi^'mf.kk:ii, 

and read to the Rayal Socieiff, Noveinhdr d, 
177^9 and published in the Philosophical 
Transaction^ Fol^ ,6^, £q/rt. I. 

km. « • ^ *. A 

X HE values of antiuities, as given in 
all the common Tal^es^ suppose them paid 
yearly. But it is well known, that gene- 
rally they are paid half-yearly, and some- 
times quarterly < W^i^tJPW^I^is is a circum- 
stance which always adds to their value. 
The dij^rence between the values of annui- 
ties, according asib^^afe^pttdis ihese dif- 
ferent ways, I have ^sdea no where stated 
with accuracy; and therefore, I have thought 
that the following attempt to do this may be 
of some use. 

Annuities are of two sorts. They are 
either payable certainly or conditionally. 

Of 
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Of the former sort are all annuities which 
are payable at fixed times, without depending 
on any contingency. Of the latter sort are 
all annuities on lives. .1 will first consider 
the first sort of annuities. 

Let r denote the interest of £\ for a year; 
and n the term or number of years during 
^ which aoy annuity is to be paid. . Let p de- 
note tfie value of the perpetuity, or the quo- 
tient arising from dividing £i by its interest 
"£m a year. Let y denote the value of m an 
annuity for n years^ ' suppopiogit to he paid 
yearly; h its valu^, p9y4li>le halfrj^Iy; q 
its vidue/payable, quarterly; and m its.value^ 
payable momentfjr. / ♦ > \ 
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THEOREM m. 



? = ?- 



r X 1 + 
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THEOREM IV. 

• •• 

M =» p — f^. wfiere n denotes the 

number which hath rn for its hyperbolic 
lo^rithm, and m x o.4342f9448 for its lo» 
garithm in Brigg*a sjrstem* 

EXAMPLE I. 

I . 

Let the rate of interest be 4 per cent. imA 
the term 5 ^ear^ and ct^tnsequently r sc o.o4. 

Then,tf «■ 4.4fii8 
A a 4.4913 

q ss 4.5120 
fn a 4.5415 ■ 



• * ■ 






EXAMPLE 0. 



Let the rate of interest be the same', and 

the term for which the annuity is payable 25 

years. 

Then 



MO ffHsorem^yorJMing the Dijjf'tr^^ 

Thcny = 15.6220 
h = 15.7118 
q =i: 15.7694 
m =i 15.801' 



EXAMPLE m. 

Interest being (he same, let the tenn be 
50 years. ; ' 



t ( 



Then,y = 21.4822 

,q == 2.1.582 . 

tti ii= -2l.6i6- 
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EXAMPLE IV. 

J- r 






Interest being the same, let the term be 
-■' 'Then,^*=si''^4''«t^i^' • • i : ^' ^'^ ■• '•■ 

k = 24.523 ^ ^ '^ 



• * 



q =: 24.5311 : ■ V . , r r 

m = 24.54«: *■ 
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In tho fcHTegoing ThevSQW it- n)^^ be otn 
served, that the ratio to one another of the 
values of annuities payable yearly, half» 
yearly, quarterly, and momently, is greatest 
when n i» * J^t; that it . decre^siQS cqpti- 
JDJuaUy as 9 increases* im>fc hs!t ijt yai^^ 
Vh^A n becomes infinite or the' aniiuity 1^ a 



htiweentheVaiuetofAnnu%tki,&c. it At 

perpetuity. Agreeably to this it a^ipears, in 
the examples I have given, that the values 
in the first example differ more from one 
another* in proportion than the values in the 
second example; and that these also differ 
more than the values in the third ; add that 
in the last example all the values are nearly 
the same. 

These values computed by Mr, De Mowres 
rules in his Treatise, on Life-aqpuities, p; 86 
and 1 24, &c, come out greater v^^hen n ex-* 
ceeds, and less v^en n falls short of 15 pr 
20 years- But those rules suppose the half- 
yearly and quarterly interests of money to be 
less than l^alf or a quarter of the yearly in- 
terest. For instance; the value of an an- 
nuity of ^i^ payable half-yearly and quar- 
terly for fio years is, according to Mr. De 
Moivre^s rules, 21.699 and 21.772, or a 
99th pait and 74th part more than the value 
of the same annuity payable^ yearly, sup- 
posing money improved at 4 per cent, when 
the annuity is paid yearly ; and at ^1 .98 per 
cent, when it is paid half-yearly; and at 
^o.98ft per cent when it is paid quarterly : 
That is, supposing money improved at a 
rate of half-yearly or quarterly interest, 
which, instead of being a half or a quarter 
of the yearly interest, /- is only that half- 
yearly or quarterly payment which, in con- 
sequence of being laid up and improved at 
compound interest, will in a year amount to 
the sum that makes the yearly interest It 
.^09^' L R is 
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is obvious that this cannot be the prcmer.. 
method of computing these values. But 
not to insist •n this ; I will next state the 
di^rent values of the second sort of an* 
nuities; or of life^anmdties^ according as 
they are supposed to be payable yearly, half-* 
yearly, quarterly, or momently* 

Let r as before be the interest of ^l forn 
. year; n the complement of a given life;* 
y, Ji, q, and m. the values respectivdy of au 
annuity certam for n years payable yearly, 
half-yearly, quarterly, or momently; p the 
perpetuity ; t the present value of an anr 
nuity on a life whose complement is n, 
payable yearly ; m the value of the same an- 
nuity payable half-yearly ; and q and m the ' 
values of the same annuity payable quarter!/ 
and momently. 

' The complement of a life is, in Mr. De Jdohr^s 
hy{>othesis, the namber of yean it wants of 86. In aU 
other cases, it it doabk the expectatioD of a life ; that 
is, it is double the quotient (diminished^ by^ | unity) 
arising from dividing the sum of all the living in a TVible 
of Observations fran tfie age (inclusive) of the (pves 
life to the eactreini^ of Kfe, ^ ihr mndber of the living at 
that age* 
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TTien, x = p — x v. 
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Let the life be supposed of the age of 36. 
The complement of such a life is 50, ac- 
cording to Mr. De Mowres hypothesis ; and 
also yexj nearly, according to the Breslaw 
and ihe Northampton Tables of Observations. 
Therefore, n will be 60. Let the rate of 
interest be 4 per cent, or r = o.04. p = 25. 

y = 21.482. A = 21.549. J =21.582. l» =is 

21.616. See p. 240. 

Therefore, t=25—~^x2 1,482 =18,829 

<»='25-g5^5iX2l,M2=14,10l 

I _ _ 

%2 EXAMPLE 
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EXAMPLE IL 



Let the life be supposed of the age of 6l. 
The complement of this life is 25 by Mr. 
De Moivres hypothesis and the Northcmip^ 
ton Table of Observations. Therefore, in- 
terest supposed at 4 per cent 



T=:25 — 



H=s25 — 



1 04 ^' 

Wirm ^ 15'^22 - 8,753 
^^x 15,712 =8,973 



Q =:25 — 



15,801 

I 

The different values, given by these theo- 
rems ■ of life-annuities payable yearly* half- 
yearly, and quarterly, suppose nothing to 
be due to an annuitant for that year, hal^ 
year, or quarter, in which he shall happen 
to die. If, on the contrary, he is to be 



. . * It js of DO consequence that these theorems are 
^founded on the kypothests of ^an equal decrement of life; 
for taking eqiial yearlv values, (or values nearly equal) the 
|di£{enences between diem and half yearly and qucaierlj/ 
valuhs are almost exactly Ae same, whether they are de- 
duced from real observations, or from thb hypothesis.-—— 
jBvea'.^«Ahe ;hypothe8is itself it requires a considerable 
difference in the yearly value^ to produce anv material 
difference in the aces of tbe half-yearly and quarterly 
values, , 

'^ • ' - entitled 
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entitled to such part of the annuity as shall 
be proportioned to the time which shall 
happen to intervene between his death and 
the time when the payment immediately 
preceding his death became due ; or in other 
words, if the annuity is an annuity secured 

by land, ^ must be added to the first theo- 

rem in order to obtain the value of such an 
annuity payable yearly. And in like manner, 

— must be added to the second theorem to 

obtain the value of the same annuity payable 

half-yearly : ^nd ^ to the third theorem, to 

pbtain its y^lue payable quarterly. 

The value, therefore, in the first example, 
of an annuity payable yearly on a life aged 
36 being 1 3,829; /its value, if secured by 
land, or to be enjoyed to the last moment 

of life, will be 13,829 + ^^ « 14,043. 
If secured by land and payable half-yearly, 
its value will be 14,010 +2^—14^117^ 
If secured by land and payable quarterly, 
its value will be 14,101 +%^« 14,155. 

The like values in the aecon4 e^uunple are 
, 9,065, 9.130, and 9,151. 

JMe^savm^es payable monthly of weejdy 
. . vasty 
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tnay fee considered as of the sdme t^lue WitH 
aftnuities payable momently ; and it is evi- 
dent, that they liinst be enjoyed nearly to 
the last moment of life. 

From these rules and examples it may be 
gathered^ tlhat the difierence between the 
values of annuities on lives payable yetirlj; 
half-yearly, quarterly, and memently, in- 
creases continually with the ages; but, if 
not secured by land, this difference can never 
be so great as a quarter of a year's purchase 
in the case of annuities payable yearly and 
half-yearly ; three-eighths of a year's pur- 
chase in the case of annuities payable yearly 
and quarterly; and half ^ a year s purchase in 
the case of annuities payable yearly ind mo- 
mently* 

Mn Simpson, in his Treatise on the Doc- 
trine of Life-annuities, p, 78, and in his 
Select Exercises, p. 283, hath given a quar^ 
ter of a year s purchase as the addition al- 
ways to be made to the value of a life- 
annuity payable yearly, in order to obtain 
its value payable half-yearly; and thtee** 
eighths of a year s purchase, if its value pay* 
able quarterly is required. *" But it appears, 
that these are too large additions; and, 
whatever be the rate of interest or the num* 
her of lives, a fifth of a year s purchase will 
be generally more than 'a sufficient addition, 
if the value of the annuity is desired pay- 
able half-yearly ; apd threcrtenths of a 
years' putchase, if th^ valie of the annuity 

is 



IS desired payaUe quirterty. 'iAr.DeMoknres 
niles> in p. 89 of his Book on Life-anniu* 
ties, for finding the values of life-annuities 
payable half-Vearlj and qoarterlj from their 
values pa jable yearly, are still less correct ; 
for they stippose the difference between these 
values the same, whether the annuities are 
life-annuities or annuities certain. 

Mr. Dodson, in the first question in the 
third volume of his Mathematical Reposi- 
tpry, hath given a rule for finding the value 
pf an annuity secured by land and payable 
yearly, which coincides with that here given; 
and Mr. De Maivre, in p. 938 of bis Trear 
tise on the Doctrine of Chances, hath given 
a theorem for this purpose, which also 
brings out nearly the same answers. But 
Mr. Simpson, in Prob. L p. 323 of his Se- 
lect Exercises, makes the excess of the va- 
lue of such an annuity above the value of 
an annuity payable yearly but not secured 
by land, double to the same excess derived 
from Mr. Dodnns and Mr. De Mowrs's 
rules. The truth is» that Mr. Dodsotis rule 
gives the exact value; and that Mr. Simpson's 
problem gives the value, not of an anmiity 
secured by land and payable yearly, but of 
an annuity secured by land and payable mo^ 
mently ; and also, that his method of solu- 
tion impli^ a rate of interest somewhat less 
when the annuity is payable momently than 
when it is payablei yearly. . 

But 
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But to previ^it all perplezity^ on this siAh 
ject, I will subjoin the following investiga^ 
tionsi which will be easily understood by 
those who are acquainted with the common 
methods pf calculating the values of life-, 
annuities. 

Let r, as- before, be the interest of £\ for 
a year. Then the present value of ^ i pay- 
able at thp end of one year, tyro years,. 

1 1 -1 
three years, &c. will be 7-— -> •===^,>'==i,j 

&c. respectively. Aqd the present value of 

an annuity certain for n y^ars payable yearly ^ 

i^ the sum #f this series continued to n 

terms, ** or ==. = f ==i,=sy. 

« 

In like manner, the present value of half 
figl (that is, of 105. — 5^0.4) payable at 
the end of half a year, a year, a year and a 
half, &c. reckoning half-*y early interest at half 



^ In tbe Postscript it will be proved, that the sup of 

n terms of tbe series— + -L 4- 2. + i., &c. is — L^ 

a a* a} a^ , a — I 

=:• Substitute 1 + rforOy and it will appear 



fl* X fl 



I + rj* r rxl-hrl . 







a 

that the sum of n terms of the series . .. + ■==?— ^ 

1 + r 1 +rl» 



the 



I- 



letween the fSihet ofArmu%Ae$y ^c. 2a^. 
the annual interest, is— ~, ^p^,, s=~= ,&c. 



.1+5 i + il i+i 

And the present value of an annuity certain ' 
payable half-yearly for n years, eadh^ pay- 
ment to. be half the yearly, payment, is the. 
sum oif this series continuad to 2n terms; or, 

0,5 0,5 1 ^i 



\i 



J** T 

2 2 

r 






- \M 

r 

rxi+- 



t M- By the same steps it will appepir, that the 

i- present value of an annuity certain foir « 

* years to be received in quarterly payments, 

each a quarter of the annual payment is, 

0,25 __ 0,25 _-.,_- \ sa O,; 

And 9IS0, that the present value of an annuity 
certain for n years, to, be recdved in mo-, 
mently payments, each the same proportional 
part of the yearly payment that the moment is 

of the year, must be p — : — yw, fcc ■ 



r X 1 + 






1000, 

But, by the binominal theorem, 

2x8x4* 



aUb 7%eofmi$j9r finding ikeD iffe rett u § 

iix3x4 ^ ^* which series apprazimates in* 

definitely to the number of which m is the 
farjrperbolic logarithm^ by Prob 1. Sect XI. 
Vol. II . of Mn Simpssn's Flmdonfl ; or by 
fh)p. 1^ p. 4o, of his Treatise on Trigono- 
metry- Therefore p- \ .,^^, , 

B p — » s m, as es^ressed before. See 
p* 239. 

^If the value of an anmiity of ^1 for n 
years is required payable &a1f-yearly^ and 
the half-yearly interest of jBi instead of be- 
ing half the yearly interest (or ^) , is sup- 
posed to be 1 +rt* — 1 ; the answei will be 

sued to 2nterms =» r — 



r+7\-l r+rl" xiTxrll-l 

s= 1 — =-rzX -—=:=; which value is 

• 2x1+71-2 



t^ 1 — ^=^^ X ;r (the yalue of the same an- 

^Luity payable yearly supposing the yearly 

interest 
5 



^mf&mikef'kIwBi!fJfmuiiie9,^e. tfi< 



i X. 1 



ififerest of ^l to be r) as ^ . ■ ■> to - ^^ 

^reeable to Mr. De Moivres deduction in hia 
^eatiae on life-annuities^ p. 125, 4th edit* 



^ In the same manner die value payable quarterly b 



t ^ -r=±; X - andthendueiiayaUeiiio* 



4x i + r\ - 



aaeDdy as 1 ** . i %„., ■■ x ■ ■ ■ > ' * ■ ■ ■■ < i^ 

1 + r> 1000, Ac. X 1+H tVWt> Ac - 1 . 



Consequently the value of an annuity certain, payahla 
quarterly or momently, is to the same value, payable 

ywtfJyj m- . - > ^ rr., - .w w-jt, to - (N being the hy* 

4xiT?l*-i 

• 

periiolic logarithm of 1 + r). Supposing, therefore, die 
mterest to be 4l>er cent, the value of «n annuity payable 
yearly must he tnvarMly increased in the ratio of l^OIOl, 
or 1.0152 or 1.01986 to 1, according as it is payable 
either half-yearly, quarterly, or momently. The diffnw 
ence, however, between the values of annuities payable 
yearly and at shorter intervak is known to be continually 
insening in proportion to the length of the term, till at 
last, when the term is extended to a perpetuity, those 
falues hecQtta the same, whether the payments are made 
yearly or momently. But such an equality can never 
take place according to Mr. De Moivre*s rules ; nay, if the 
tenn be extended only to 70 years, and iotercst be 6 per 
cmU. an annuity payable quarterly will be worth more 
than even the perpehsity when the payments are made 
yearl|^. This is so manifestly wrong as to render any 
furd^tf argument unnecessary to expose the fallacy of Mr, 
Pe Mmte'$ metimd of solution. M« 

This 



259 Theoremfi^Jindmg theDiJgerenm 

This implTin^i in the case of annuities pay-r 
able hal^yeany, a smaller interest than ihalf 

the yearly interest (for I -h r]* — 1 is less than 
;) &^^ ^^ di^erence between their viJue 

and the value of annuities payable yearly, 
greater than the truth. 

But tQ< jetum to the investiga^on o£ the, 
theorems in the former part^of this paper. 

. Let us again call p the perpetuity^ and y 
the value of an annuity certain for r yearsi 
and payable yearly ; it is well known that 
the value of ^l payable yearly on a life 
whose , complement is n is (supposing an 

equal decrement of life) - ^T! — '^ -r ■ ^ -^ ^ 

^ » X 1 + r rxl+rf 

H — jl^ — > p &c. continued to n teqns^ 

1 +r 
ftr ^ 

In 



« See Mr. De Moiure's Treatise on Life-annuities^ 
p. $9, 4th edition. Or hb Doctrine of Chances^ p. Sll, 
4d e^on. Or Mr. DodstnCs Mathematical Repository, 
Vol. II. p. 137* Or Mr. Simpson on Annuities and Re- 
versions, p. 14. In consulting these writers, care should 
be taken to remember, that they use r to denote the prin- 
cipal and interest of 3^1 for a year : whereas it hath been 
most convenient for me in these observations to make r 
stand only for the interest. In those writers, therefore, 
r signifies the same with 1 + r m this paper; and r -p- 1 the 
nine with r. 

It 



* • 



heiween the Values ofAnnuitteSy &c. iiH 

* In Me raanher>8iipposing money improyed 
nt an half-yearly interest equal to half the 

yearly 



It is said above, that* the .value of an annuity piy&Ub 

n — ' 1 
yearly on a life whose complement is n^ is — :■ + 

n X l + r 

' ■ -t : + - — ==rr, &c. continued to n tenns« 
n X M^H n x 1 + rV » 

This expression is equal to -— -~^ + . — 4. 

■ ' ~= =ri9 «c. (n) X — — • + t==^. + =^,&o.. 

<n). But —4= + ~ + 2==ar:, &c. (=5 

nxl + r nxl + rl n x 1 4- rP 

see p. 248.) Alfo^ by a theorem which will be demon- 
strated in the postscript^ and putting a for any given quan- 

tity^ ~ + -^ -f .^^ &c. continued to n terms^ ss ^ 

a flu* ^ .. I \ * 

— -^ X — -. X '===r- . Therefore, if 1 + r is 

a* a— 1 a" «— ll 

substituted for a, and y for -^ «- ,. , iiu;, the sum (muU 

*■ r X 1 + rl 

1 \ 1 2 

tiplied by -1 of « tenlis of the series — - + —-— ^ -t^ 

^ ff Ml ^ 1 + ^ w 1 1 

-==3=r--| &c.wiU come out — — x y — - x i 1 .,; or 

1 +71' ^r ^ l + rl 

'^ X y + y — -% Therefore, the scries - x 7-; — + 



»r 






r+71* 



f§4 T^ket.mij9rJlnii)fig$k^D^h^enee9 
ycufy interest, orto^»tiie'vaiiieoft&eflame 
Vamaty payable half-yearly> is j^ X == 



nx 1+ — 

2 






H ^ ^; -I =^* ^ continued to 



> » ■■ I 



n 



2llterms=5 X nxl+^+nxH^'+nxT^'^ 



&c- continued to in terms — -X|,xi+!L + 



«■■• 



— •>» "i ' SI , &a continued to 2ii 

ff X 1 +^ nx 1 +1| 

termsp But the sum of the Jrst of these two 
series, or of T^ X — 7+ — npis&c.(=« 

* nxl+1 nxi + ^l « 



r==r- + — — r rj &C, coDtinued to 9i terms and sub- 

tncted from the series -— — + ^ 3 + <rs=K • &c. con* 

i + r l+? f+Vi 

'tfciii64 to n tenns; that ib, the value of the Bfe will be 
1 +r 1 1 1 +r 1+r 

x y = T, 



K H ==r., &c) is ft, see p. 240, &c. 

And the sum of the second series is the same 
with half the , sum of the series -r-' X 

2m 



-+ =^ +=n> &c. {2n). But by the 

theorem mentioned in the kst note, the sum 
of n terms of the series a + ^ + "s ^ ^* ^ 



if 1 Hh ; u substituted ifor a, 2n for n, and 



s 
1 1 

r 



ft for - — —-soars, the sum of the second 

rxl+9 



series (that is, of ; x s X ""^ + ^ArS"^ 

' 1 + 



rr^^ 



fy &C. (2») will come out i + r + A 




iir 



I X :r=l«^ or---r- X ft + A - ; . There- 

1+ 



¥ 



fon. 



p« 



^ 



2S6 T^eoremg/brfatdmg the Differeneet 
for^the second seriessubtncted fromthefint^ 

1 + 5 ^"^J 

leaves i - -j^ x * = f - ~ X A = h, 

^greeablj to the second theorem in p. 343. 
By reasoning in the same way it may bef 

eauly found, that a = p 57- x qi and 

- r 

1 + 



1000, &c. ^^ ^ ^ « 

M = P ^ — X m = p , 

ably to the thii'd and fourth theorems in 
p. 24». . . ^ • . : • '^ _ . • . 

These the6rems» I have'sisdd, suppose that 
Hn annuitant is entitled to no payment for 
that year, half-year, or quarter, in*' which 
tie dies. If, on the contrary,* he is lo be 
entitled when he dies, to such a part of the 
yearly, half-ye^ly, or quarterly pajrment as 
shall bear the same proportion to the said 
payments respectively, as the intermediate 
time between the last payment and his 
death bears to the whole year, half-year, 
or quarter; in this case, supposing the an^ 
nuity payable yearly, it is evident, eiqce 
there is the same chance for his dying 
in one half of any year as in th^ other^ 
that He will have ah :expectation of hajf a 
year*s payment more than he Svouid be 
otherwise entitled to. But the value of 
half ^1 to be paid at the de^th of a person 
1' • - whose 
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wbose complement of life is n, is - x 
1 ,1 1 ,1 1 p 

nxl+r 2 nxi+r\* ^ nxT + H* 

continued to n terms (^) = -5-. 

In like manner, a pferson Who enjoys an 
annuity secured by land, payable half-yearly, 
will have an expectation of a quarter of a 
year s payment more than he coidd be other- 
wise entitled to; the value of which is 

— X — I + z~~^ + - — -TTf &<^* continued 



2 2' .^2' 



to 2n terms = — . By the same reasoning it 

will appear, that ^ is the addition to be 

made to the value of an annuity payable. 
<]uarterly, in order to obtain its value when 
secured t)y laiid: ' ' 

r » • 



* 1 

, IN the iwte^ p. 248, the ei^reaaion ^--^* 
^^ — X j^ ig given as the sum of n terms 
of the series — 4- -r 4- -zr + -r, &c. to -r-, 
and the expression ^JU^ — ^ X — - — 
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* 

y( / - 'is* given, in p. 258, as the surt of ft 

terms of the seiks - + jr + ir + ?» ®*^ 

The following inycstigation of theae theo- 
rems being veiy easy, will not, peihaps, be 
unacceptable to those who have studied this 
•abject 

i+l + i + l, &c. *. 

ThenAxa«l + i + i + :5.&cto~^, 

todAXtt-i + i«r + ? + 7'^*** 



1 



A, 



1-^ 



and A X a — A(»Axa— l) 

Therefore, a = j:7j — ;^ x j^^ » 
tJie first theorem. 

afcd»xastti + | + ~ + ;;r«4:cto jr^. 



IS 



1 3 f 

Therefore, b'x« — A^Xass- +p+ iiJ 



To 



* 

helween this Fdluei ofAnmatiei, ^c. ^50 

To both sides of the last equation add -2. 

. ^ * 
and it will appear, that 

Therefore, b x a— bsb X/TH sa Xa-> 

^;andB = lili ? ' 

Por A, in this last equation, substitute its 
equal, of -Lj _ J. ^ j4i> and the resulting 

equation will be -5 ~ y i ^ » v 

3 = B/ which is the second 




« — 1 

When « is infinite^ all but the fint 
terms m both these theorems yanish; and 

therefore, —^ is the sum of the series 

111 1 O 

« + ?^ + ?» «c. continued infinitely j and 

^«^ is the sum of the series 1 + 1 + ».,&c. 
continued infinitely. 

By a like deduetion, put tuig. 

M*^a^ T -jjj- + -y-^ «C. to — , 

•^ and 



f 260 Theorems for Jindivg the Differences 

ft 

to ^, it may be found that c = ii^ ti « 
^mTi^^ 'andi) = ^''*'^^^^''^^ JllJJL, 

And consequently, substituting tlic values of 
A and B, that 

* *• efi^4a ^ »i» ^ 1 2an 1 «« + a 



a 



^»' 



And substituting the ii^ues of a, b, c, .that 



since all but the first terms in these expres- 
sions vanish when n is infinite^ that the sum 

of the series- + r + ^> ^^' continued in- 
finitely is=rt; and' that the spm of the. 



series. +^ + cs . + "^> continued infinite- 



o^ni 



» V 



These are all the ^ theoremg necessary for 
calculating the valuer of annuities ' oi) single ^ 

lite^i and oli *aiiy t'Wo or three .joint lif es/' 

upon 



; 
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upon the hypbtbeiSis^of an equal dfecreihent 
of lifb. • ' - : •; ^ ^ >'• 

* <**' •'.»' »1 lit.*!. Jy 

Supposing r. tjie Werest of a^i ,for a ye^iL 

1 1 " 

the Sum- of n termsof the series -^M+i Ju < ' .. i. 

• I . - 

4- ====«r7, &c.' ise the present yahie of^ an ^anf- 
nuity cettaiJS for n yearsj and ^ + .i=L{ + 

:^J— +'z=t=r;, ' '(continued to « terms): is the 

present Talue of an annuity cert^n bn^ij^ing 
•with ^1,. and increasing to.^3 thje i9PO»4 
year, to. ^3 the third. year, &c. .....^ , . .; .^ 

If this last annuity^ J6 pot an apn^3(i^ ce|;^, 
tain for. a given ;%m,.,iut ^\\i{^ii^t^^ 
the value of it. (supposing »*tbecoinplgmpnt 
of the life, ^ the value of an -^piwity ^certain 
for W; years, jg the value pf two^ ecjyal^ Jpipt 
lives whose common complement if/f^* ;^ 
the perpetuity, and p the value of J6 1 to iJe 

received at the end of n years) vrill be a — o 
X h + npF — AP X 1 + n 



EXAMPLES. 

Let the term he forty-one years, and the rate 

ef interest 4 per c«nt. 

The value of an annuiQr of ^1 certain 

for tiiis term is <^2o, „ 

The 



\ 



s^62 Thef^emsforfatding th^j)ijftretice8jkc. 

The vi(lve ojf an annuity certain for the 
aame term, and beginning with ^l. at the 
end of the first yeari, \>ut increasiner to ^2 
at the end of the second yeiEir, to ^3 at the 
end of tih^e third year, ^d so on tiU it be- 
comes £4 1 at the end oif the forty-first year^ 
is J(hj, the Sfiioond Hieprttin, putting 1 + f » 
or 1.04 for a) j6314 . . . io«. 

'pie value of an ^niUHty iilCsrMS^g at thjf 
rate without end is ^650. 

If theiatinuity ijia Iileratii\uity which is 
to increase at tiiie rate of d^i every year 
during the w^ole possible continuance of a 
Hfij whose cooqplement is forty-one years (or 
whose age, according to Table VL in the 
next vohimp, is forty-five), the present value 
of it vnll be) by the last theorem, ^135. 
]but a much-^^ simpler rule for finding the 
values, of annuities of this sort wiU be given 
in the following notes. See I^ote I; and 
al9o Aj^. Morgan on durances, p. 1 19* 
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THE fifst four Tab}i^ in the neict Tohime 
luryasb with the raetno of deterfniniqg eaaUy 
the values and amounts of sums and annuir 
tiM for the loost common half-ytarly 33 weU 
as yearly rates of mterast; Mr. Smart, in 
his very useful and cpmprehensiyis Tables, 
having given the half-yearly v%lti<^ an4 
amounts improperly. 

It is very obvious^ that the amount at any 
given yearly interest of any given annui^ 
payable Aa|/^yearly, is the same with the 
amount of half that annuity at half the inr 
teresti and payable a double number of times. 
The amountj for instance, at 4 per eent. of an 
annuity of ^10 payable yearly for so years^ 
is, by Table IV. £5Qq.84Q. 

. If it is payable haff-y^rly, its amount will 
be the same; with the amount at 2 per cent 
of an annuity of ^6 payable for ^0 yean, 
which, by the.same^ Table, is ^570.257* 

In like manner ; the amount at 5 per 

cent of an annuity of ^50 for 40 years, 
payable half-ytacAy, is the same vsrith the 
amount at 2^ per cent, of an annuity of 
^25 for 80 years, wliich appears to be 
^6209,667. The amount at 5 per cent. 

of 



^64 



T^shcript 



of the same annuity payable yearly^ appears' 
to be ^6039.988. 

Farther. The amount of £\o princi^ 
pal put out to yearly iiitfirest at 4 per cent 
and forborne for 30 years, is (by Table III.) 
^32.433. But if it is put ouX to 4 per cent 
'haif^tscAj interest, itS'ani>dbnt wilTbethe 
I6ame ^th the anjount of the' same prin>^ 
Tipbly bearing half the interest in double th* 
tioie ; that is, it will, in the present instance, 
4>e the same with the amount of-^io, bear* 
itig 2 per cent, interest in 66 years, which, 
\>y the Table last mentioned, appears to be 

^32.810. 

" These amounts can be thus determined 
from these Tables only, when the term for 
W'hich they are wanted does not exceed 60 
y^ears, or 100 half years. 
.^ In order to find them for any longer 
term, the following method must be taken: 
' " If the amount required is the amount 
" not of an annuity, but of a sum — find first 
** the halfiyczrly amount for &o years ; after 
'* which find the halfy early amount of that 
** amount for the remainder of thft term, and 
** this last will be the amount desin?d-V 




EXAMPLE. 

Let the amount be required^ at 4 per cent. 
of ^10 in 80 years, supposing thfc interest 
payable ifl^year/y. .: 

Ans. 
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• Ans. The amount in 50 years, deter- 
mined in the manner just described, is 
72.446; arid the amount of 72.446 in 30 
years, determined in the same way, is 
1J137.676, which is the amount required. 

This amount, supposing the interest pay- 
^i>le yearly, is ^230.044^. 

But if the amount required is the amount 
of an annuity improved at any given rate 
of compound interest payable JiaiJ-yeaLvlf,, 
it will be neoessary , after finding . the sum 
which is the amount for 50 years, to find 
the yearly interest that sum will carry at the 
given rate ; and the amount for the remainder 
of the term, of this interest increased by the 
annuity, added to the amount for 50 years. 
Will be the amount required. 



EXAMPLE. 

V 

Let the amount be required, at 4 per cent 
of ^10 per ami. in 80 years, supposing the 
annuity payable half-yesLvly. 

Ans. The amount in 50 years (being the 
same with the amount of ^5 per ann. in 
1 00 years, at 2 per cent) is, by Table IV. 

^1561.116. — : ^The yearly interest of 

^1561.1 16, at 4 per cent is ^62.446, which 
increased by ^10 makes 5^72.446; and the 
amount of ^72.446 per ann. payable half- 
early in 30 years (or of ^36,223 in 60 
to//* years) is ^4620.96, which added to 

^1661.116, 
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^1561.116, makes.^di 82.076 the amount 
required. 

This amount, supposing tlje annuitj p^y* 
able yearly, is ^5082, 6Q5. 

N. B. These amounts for any given term 
an4 rate of interest are the same with the 
debts bearing that interest, which will be, 
gradually sunk in that term by any given an-^ 
nuity appropriated t6 iHe redemption of the 
debt. — ^It appears, therefore, ftom the last 
example^ that a sihking fund of a inillion 
per arm. never diverted would pay p^ in 82 
years, a public debt of 5QB millions, bearing 
4 per cent, interest^ supposing it applied to 
that purpose y^ar/y; but that if applied half- 
yearly, it would pay off, in the same time, 
a debt of 61 8 millions. 

These examples shew the method of find* 
ij^fr fey the abovementioned Tables, the values 
at any rate of interest of annuities payable for 
any given terms> supposing them payable 
Afl£^ycarly ; and likewise the values of any 
sums payable at the end of any terms, sup- 
posing a Afl^yearly instead of a yearly dis- 
count allowed, But in such cases, these 
Tables will be of no use, if the terms ex- 
ceed SO years, or 100 ^a^y ears; and it 
will be necessary to have recourse to the 
theorems at the beginning of the preceding 
chapter, by which, with the help of lo- 
garithms, it is easy, in all cases, to compute 
the difference between the values of annui*' 

ties 
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tioB (incluciing /i/e-annuities) as they are 
payable y^vty, half-yearly, or qoarterlyi 

With respect to life-annuities, it may b^ 
proper to observe here particularly, that 
their values deduced from the complements, 
that is, from twice the expectations according 
to any given table of mortality (by the rules 
in p. 221, and p. 223), and payable half- 
yearly or quarterlt/, is the same with th« 
values of haif or a quarter the annuities 
zt.haif or a qticerter tlii yearly interest, de* 
4uced (by the sapie rules) from doubly or 
quadruple the complements: and that the 
difierence between the' yearly values and 
these h^lf-y^s^rly or quarterly values adde4 
to the true yearly values according to thq 
aame ta)>leQf qiortality, will give, with almost 
perfect correctness, the half-yearly or quar^ 
terly vaJL^es according to that table. 



EXAMPLE. 

Let the different values be required of an, 
annuity on a single life aged 5o, accoi^ing as 
it is payable halJ-yesuAy or quarterly, reckon- 
ing interest at 4 per cent, and the probabi- 
Ijtdes of the duration of life, a^ they are in 
Table XLV. Vol II. 

Ans. The complement (that is, twice the* 
^pectaiion) by Table XLV. of a life aged, 5 o 
ii 86.92.— —The value of an annuity pay-^ 

able 
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able yearly on a life at this age deduced at 
4 per cent, from this complement, is by the 
rule in p. 221; 11533. ^The value de- 
duced from douhleX^is complement (that is, of 
a life whose comjplement is supposed 73.84) 
at 2 per cent is 23.466% the half of which 

is 



• In coipputing in this case, by the rule here re- 
ferred to, ii IS necessaiy to find the value at '2 percent. 
of an annuity certain payable for 73*84 years. This 
value (by the First Theorem in the precc^lipg Chapter) 

is 50^ -- : — • * '• — ,5 84 By logarithms it is easy to find 
.02 k l.O'Z) 

that Uji^^^''^ is 4.3154; ai^d, consequeritly> tbut this 
expression is 38.416, which multiplied, according .to the 
rule in p. 221, by 51 (the perpetuity increased 1iy unity), 
and tlie product divided by f^M wiH give 36:533 j which 
quotient subtrapted from ^0, (tlui rpetpetuity) leaves 
23.466. . ' . , . . 

In like manner; the value, by. the same theorem, at 
1 per cent, of an annuity certwh'for a iiifmher of years 
equal to f9ur times the complement (that is, to 147*68 

years) is 100 *—— ,4788, which is equal to 76.994; 

.OV.X 1.0.1 1 

and the product of 76.994 into 101, divided by 147.68, 
gives 52.654, which, subtracted from 100, leaves 47.345, 
the quarter of which is 1 1 .836. 

It is necessary to add here, that in computing the 
yearly value of any life-annuity from th^ expectation by 
the rule in p. 221, the value of an annuity certain for a 
number of years equal to twice the expectation (or the 
complement) may be alwayft taken from Table II. \(A. II* 
when the complement is any whole numbef o( years ; and 
also, that when it is not any whole number of years, it 
may be taken for. the correspondent arithmetical mean 
between the two nearest yearly values in the Table. 
Thus; in the example given aliove, tlie value .at 4 per. 
aent, of an annuity certain for 36 years, by Table 11. 

i? 
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is 1 1 .73 a. ^The difference is .200. . And 

tliis difference, added to 11.658 (the true 
value by Table XLVII. of an annuity payable 
yearly on the supposed life), makes 11.858; 
which is the true value of the annuity payable 
hcUf-ycsrly. 

The value of the same annuity deduced 
(by the rule in p. 221) Trom quadruple the 
complement at 1 per cent. ; that is, the value 
at 1 per cent, of a life whose complement 
is supposed to be 147.68 years, is 47.345, 
the quarter of which is 11.836. The -dif- 
ference between this value and 11.533 is 
.303, which added as before to 1 1 .658, makes 
11.961, the true value of the annuity pay- 
able quarterly. 

In the same way the values are to be com- 
puted (by the second rule in p. 223) of an- 
nuities payable half-yearly or quarterly on 
any two joint lives. 

If the annuity is a life-annuity^ secured 

on 

IS 18.908. The value for 37 years is 19.142. The 
difierqDce is .234 ; and this difference multiplied by .92 
(the fractional part of the complement) and added to the 
least of these two values, gives 19.123 for the value of an 
annuity certain for 36.92 years. , 

The exact value by the first Tlieorem is 25 — 

-=nrr> which is equal to 19.123. and the same 

with the former value. 

' It should be remembered, that all the values of life- 
aimuities in the Tables in the next volume suppose that, 

when 
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on land, the value is to be computed by tlie 

directions in the preceding chapter. 

if such an annuity is payable half-yearly, as 
is most common, its value, in the present 
instance, will be 11.858 (the half-yearly 
value just determined) increased by the quo- 
tient of 19.206 (the value of an annuity cer- 
tain and payable half-yearly for a number of 
half years, equal to four times the expectation, 
or twice the complement ; that; is, 73.84) di- 
vided hyfour times the complement. This 
quotient is .ISO; and the value, therefore, 
is 11.989. . 

The following comparison will shew, in 
some measure, what additions should be 
made, at all ages, to the yearly values of life- 
annuities, on account of these different modes 
of payment. 

when ftie annuitsmt dies, nothing Can be chimed for the 
time that has past since the last payment became due. 
If a payment proportioned to that time may be claimed ; 
that is, if the annuity is payable to the last moment of life, 
it is called an annuity secured an land^ 
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TABLE 

Shewing the Additions to the Values of Life- 
Annuities on account of their being pay- 
able half-yearly, or quarterly^ or half-y early 
and secured on Land. 

Interest 4 per cent. 



Ar 



\o 

20 
30 
40 
50 

6o 

76 



Yearly 

ndtteby 

Table 

XLVn. 



Half- 
yearly 
loe. 



1 8.891 

17.603 

16.006 

14.034 

11.658 

8.789 

5.783 

4.534 



ig.oi8 
17.746 

1 6.168 
14.216 

11.858 
9.014 
6.019 
4.770 



Ezccn 
above 
yearly 
value^ 



.127 
.143 
.162 
.182 
.200 
.225 
.236 
.236 



Qtiarterly 
Taloei. 






19089 

17-819 
16.249 
14.307 
11.961 

9-119 
6.136 

4.892 



Excess 
above 
yearly 
valae. 



«198 

.216 

.243 
.273 
.300 
.330 
.353 
.358 



VallM aeCti4lixcUhf 



red by land 
and payable 
half-yearly. 



above 
yearly 
Talue. 



I9.O85 

17-824 
1 6.259 
14.324 
M.989 

9-170| 
6.204 

4.967 



10 
20 
30 
40 
50 
60 
70 
75 




Interest 5 per cent. 



194 
.221 

.258 
.290 
.331 
.381 
.421 
.433 



16.27 8. 1 09 

15<388.123 

14.223 . 143 

12>720.l62 

10.820:166 

6v403 .219 

5.719.225 

4.575 .230 



16.381 

15.445 

14.293 

112.801 

10.914 

8.498 

5.835 

4.692 



.168 
.188 
.213 
.243 
.280 
.314 
.341 
.347 






16.332 

15.447 

14.299 

12.812 

10.933 

8.544 

5.891 

4.762 



a63 

.187 
.219 
.254 

•299 
.360 

.397 
.417 



These eacc^sses are the same firom what- 
eVet tables of mortality the yearly values are 
dfeduced.— —They are also nearly the same 
(supposing equal yearh/ values) whether the 
yearly values are the values of singly or of 
joint lives, or of Any number of lives. 

CHAPTE& 
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CHAPTER VL 



, Of Public Credit, and the National 
J « Debt. 

iL HE National Debt is a subject in which 
the public is deeply interested^ Some ob- 
servations have occurred to me upon it, 
which I think important ; and for this rea- 
son, though foreign to my chief purpose in 
this work, I shall beg leave to ofier them to 
public attention. 

The practice of raising the necessary sup- 
plies for every national service, by borrowing, 
money on interest, to be continued till the 
principal is discharged, must be in the high- 
est di^ree detrimental to a kingdom, unless 
a plan is settled for putting its debts into 
a regular and certain course of payment. 
When this is not done, a kingdom, by such 
a practice, obliges itself to return for every 
sum it borrows infinitely greater sums ; and, 
for the sake o^a present advantage, subjects 
itself to a burden which must be always 
growing heavier and heavier, till it becomes 
insupportable. 

This seems to be now the very state of 

1 "this 
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this nation. At the REYOLUTioir, an aera 
in othw respects truly glorious, the practice 
I faaye mentioned begun. Ever since, the 
pablic debt has been increasing fast, anft 
every new war has added much more to it 
than was taken from it during the preceding 
period of peace. In the year 1700, it wa« 
16 millions. In 1715, it was Sr5 millions^ 
A peace, which continued till 17 '^o, ^unk 
ift to 46 millions ; but the succeeding war 
increased it to 78 millions; and the neact 
peace sunk it no lower than 75 millions; 
In the last war it rose to 146 miltionB and 
a half. During a peace which has lasted 
now 10 years, it has been reduced to 18« 
millions : and at a sum not much less 
tban this> it will, perhaps, be fotind at the 
commencement of another war, which may 
possibly raise it to 200 millions «i--^ne 
eannot r^ect on this without terror^ — ^No 
resources can be sufficient to support a king*^ 
dom long in such a course. *l^s obvious, 
that the consequence of accumulating debts 

' « It should be remembered that this was written ift 
1773.— In 1774 and 1775, two millions of the capital tH 
Ae S.per c^tU. annuities were paid off, which reduced the 
aq)ital of the public debt to 13^ miilioi^ j and at this sum^ 
iiearly, (supposing tlxe long annuity then worth 27 yeai-3 
pttrcnase) it stood at the' beginning of the American war.(*) 

' '(*) The additions which have been mrrde to the public 
debtby the American,. and the late war, together with its 
whole amount at the beginnvig of the present war in 1802^ 
may be learnt from the account at the end of this Chapter. 
Wliat the amount may beat the conclusion of this war it fs 
neither easy tior agreeable to conjecture, M. 

VOL. I. T SO 
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SO rapidly^ and of mor^agmg posterity, and 
funding for eternity, in order to pay the 
interest of them, must, in the end, prove 
destructive. Rather than go on in this way, 
it is absolutely necessary, that no money 
should be borrowed, except on annuities, 
which are to terminate within a given pc- 
riod Were this practised, there would be 
a LIMIT beyond which the national debts 
could not increase ; and time would do that 
ntcesactriltf for the public, which, if trusted 
to the economy of the conductors of its 
affiurs might possibly never be done. 

This, dierefore, is one of the proposals to 
which on this occasion, I wish I could en* 
gage attention. I am sensible, indeed, that 
the present burdens of the state would, in 
this case, be increased, in consequence of 
the greater present interest which would be 
necessary to be given for money : but I do 
not consider this as an objection of any 
weight. For let the annuity be an annuity 
for 1 00 years. Such an annuity is, to the 
present views of men, nearly the same with 
an annuity for ever ; and it is also nearly the 
Same in calculation, its value at 4 per cent 
being 24-i years purchase, and therefore only 
half a year's purchase less than the value of 
a perpetuity. Supposing, therefore, the pub* 
lie able to borrow money at 4 per cent, on 
annuities for ever, it ought not to give above 
1*. 7d. per cent, more for money borrowed 
on annuities for 1 oo years : But should it be 

. obliged 

4 . 
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obliged t<J give a quarter, or even a half per 
cent, mprfe^ the additional burdens derived 
from hencei would not be such as could be 
very sensibly felt; and the advantages arising 
from the necessary annihilation of the public 
debts by time> would abundantly overbalance 
them. 

These advantages would be, indeed, un- 
speakably great. By such a method of raising 
money, the expence of one war would, in 
time, come to be always discharged before 
a new war commenced; and it would be 
impossible that a state should ever have upon 
it, at any one time, the expence of many 
wars; or any larger debts than could be con- 
tracted within the limited period of the an- 
nuities ; and consequently, it would enjoy the 
invaluable privilege of being rendered, in some 
degree, independent of the management of its 
finances by ignorant or unfaithful servants. 

I must add, that it is by no means neces- 
sary, that the limited period of the annuities 
should be so long as I have mentioned, or 

^ Tlie annuities might be kept 16 yenfs without being 
much dimioished in value; for, supposing interest at 4 
per cent, an annuity for 82 years, is, witliin a 49th 
part, or ^2 in £dS worth as much as an annuity for 
100 years. . 

Perhaps, in this way of raising money, it might be best 
to offer a higher interest at lirst, which should fall to a 

lower, at the end of given intervals. Thus, tliough 41 for 
100 years is equal in value to 5 per cent, for 17 years, and 

'after that 4 per cent, for 83 years, yet the latter mi^ht ap- 
pear more inviting, 

T2 100 
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100 jMrt ; iitA ltiat> ^ ttfiy time b^icm difc 
^Ipiration of tliMS ]^riod> tbe pubtic m^ht 
eftipk)^ any surplM motiies> in exfi«tguishin|; 
part of the annuities^ by purcfeaidfig them foil: 
itsdif at the market piici^; atMi dius it mi^A, 
^id the operations of tkse, and keep ito debts 
within any bounds that its interest rendet«d 
lie(!e0!sary* O^ goTemm^rH has^ i kno^, in 
4otne instances ^dpted the pioh now* pm- 
'|K)9e^ ; but it is to be Wished that, instead at 
retracting ^ it, as M^aft bute done, it haid been 
carried mudi fuither. 

I am, however, far from intenf^Kng to te- 
commend this plan as the beM a Htate can 
pursue. There is another method of ^gailiiiig 
the same end, \thich isi, on 4Bany aooounMb | 

prefemble to it. I mean, •' by providing isfli 
^' anHBttl saTing, to be ^syp^ed invanabl|f ,. 
^' together with the intet^st of sdl the iiufis 1 

" twieefwed by it, to 4Jie purpose »f ^B*- 
^' charging the public debts : Of, in tother 
^' 'v«nords,by tfaeestabUdhmefite^4ip«rtnau«i»t 

*** BUYING 1PUN6.** 

It is well known, that this plan has been 
also adopted by otirgavemmsnt; but, though 
capable of pr^ucmg the greatest effects ih 
th^.eo^^ and mre$t maimer, it has nevcir 
been carried into execution. It will abund- 

. ^ :lo the year 17^0, the lurticNi was^put lo the exfjeaoe 
of above three millions, in order to rcnuoe several 4oag 
aad^ shoft aiioui|tie» thea subriiitii^ to reifeqnuhle ,per^ 

petiuiies. 

antfy 
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«mll^ ^^g^e^A from^ w^ CqUq v%t tiuit i^ 

Suppofe the aQmial WTiiig ^ be 41^1 QiVMK). 
Thi» wiQa appiiod nc^ tA (jivscbai]^^ an cquni 
dobt, bearing int^iKist «t 4^r c^/. will tiwur 
fer to tjh* Dublic, (nm iU crcditpi:^ wl Mf 
»wtypf^4Qoa The annwl saving, th^r^ 
fc^e*V<>pl4bQincrew^^9^lQ4,Q0O; «i}4 
this saving vrould transfer to the pubUc ano* 
ther annuity of ^4,1 60^ and make the saving 
at the beginning of the 9d year, to 'be 
a^ios,i6o. — ^Thus, tha cw^in*l £«nd wouW 
go on increasing, at ^he same rate with manfijr 
improved at 4 p^r cent, coi^ipound interest— 
At the beginning of tb^ 3d year it wquM bQ 
^112,486. At the beginning of tub I8thyeac^ 
3^202,581. Of the 39th year, ^4io,9g3, 
ftodof the 95tb year, 464,1415188.— In 94 
years, then, the nation might be eased of 
above 4 millions per annum in taxjes ; and 
Above 100 millions of its debt$ would be 
dKscharged, gradually and insensibly » at qq 
gjreatcr expenee than ^loo^ooo j^ anmsm; 
and without interfering with any of the re- 
sources of government ; ox making any otbw 
difibrence, than caxisingfunds to be engaged 
for a course of time to the public, which 
would have been oth^irwise nece$$arily v^ 
gi^ed to its creditors, and whi^h, tbeMtfiarei 
xuu3t have been entirely yseless to ij. 

It is an observation that deserves particnlat 
attention here, that on this plan, it will be 

of 
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of less importance to a state what interest il 
is obliged to give for money : For the higher 
the interest, the sooner will such a fund pay 
off the principal. Thus; a hundred millions 
borrowed at 8 per cent, and bearing an an- 
iiiual interest of eight millions, would be paid 
off by a fund, producing annually ^loo^ooo 
in 56 years; that is, in 38 years less time 
than if the same money had been borrowed 
iat A per cent^ 

^ Wliat is here said, supposes tlie same fund applied 
to the discharge of debts bearing different interests. If 
diflferent fuocb are applied, bearing to one another the 
same proportion with tlie interests of the debts which 
they are to disharge, the benefit derived from borrow- 
ing on lower rather than higher interests, will be reduced 
to almost nothtng % for the disbursements of the public on 
account of all equal loans, will, in this case, be nearly 
the s^me. 

The following ^xaitiple will e^cplain and demonstrate 
this: 

Let a million be borrowed at 8 per cent, and let a fund 
be charged with it, bringing in six shillings per cent, per arm, 
more than the interest ; or j^33,000 instead of ^80,000 
per cmn. This sttrpltiSy imalienabkf applied, together with 
all the interests disengaged by it, will anniliilate the prm-? 
cipal in 81 years, as may be gathered from Table Iv. in 
the next volume. Ai)d the disbursements, on account 
of the loan, will be 81 multiplied by ^£^33,000; that is, 
i^,673,000. Let us suppose again, a million borrowed 
at S'per cent, and let a fund be charged with it, pro- 
ducing a surplus oi twelve shillings per cent, per ann,\ such 
a fund, besides paying the interest, will discharge the 
principal in 41 years ; and the disburse^nents, on account, 
of the loao, will be £6^,000 multiplied by 41 ; that is, 
^2,706,000, or nearly the same with the disbursements 
on account pf an equal loan at 3 per cent. 

It 
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It follows from hence, that reductions of 
interest would on this plan^ he no great ad*^ 
vantage to a state. They would, indeed^ 
lighten its present burdens ; but this advan-^ 
tage would be, in some measure, balanced 
by the addition which would be made to ita 
future burdens, in consequence of the loiter 
time during which it would be necessary to 
bear them.--^I mean this on the supposition^ 
that the savings produced by reductions of 
interest, are immediately applied to the re-> 
lief of the state^ by annihilating taxes equH 
valent to them. But if that is not the caae } 
and if, likewise, there is either no plan esta-* 
blished for putting the public debts into a 
certain course of payment, or it is not ^th*t 
fully carried into execution ; in these circttm-*> 
stances, reductions of interest may prove 
hurtful. For, first. They would only for* 
pish funds for contracting further debts, and 
with more money for supplying the defi- 
ciencies arising from profusion and bad ma- 
nagement. And, secondly. As, in such cir* 
cumstances, they would only retard^ and not 
prevent the increase of the burdens occasion* 
ed by the public debts, a period would 
come when the afiairs of the state would 
get near to ai crisis; and at such a period, its 
danger would be increased, in proportion to 
the reductions of interest that had been made. 

In order to understand this ; let us suppose 
that a debt, bearing an annual interest of five 
millions, is the whole debt which a state 
can bear without being so much oppressed as 

to 



1 



sm C^ FMic Credit, 

tlo 1w nctr nnkiog. Let it, however, fas sap- 
poaesd to hove still some last pesources Iftft,! 
wfaidtmaj enable it to bear, for 23 years to 
eome^ this load, togetber wi^ evecy addi** 
iioaal load. Iv^hich, during thia time, tttBj be 
fiboessatyto be titrown upon it.— liCt it fiuv 
therbe supposed, that at this time, the state 
iifged by the fear of an approachiDg bank* 
ruptcy, resoires upon entering into some 
ifefieetual measure tor preserving itself*—^ 
Gertain it is, that in such circumstances^ no 
measure so efiectual can be pursued, as the 
establishment of SL^iinkivg/imd, and such a 
iMtbful application of it as I have explained. 
Let that then be the measure entered upon ; 
audi let the state be supposed capable of praK 
vjiiing a fund, producing a million annually* 
if all the debts bear interest at 6 per cent. 
this fund would pay oiF three-fifths of them, 
imt^n the trime i have mentioned ; or^ in 23 
years ; and the state might be saved. But 
t^ in consequence ci reductions, they beav 
iiiCefcst at no more than 3 per cent. Xht samo 
fund vroisld not' give the same relief, in lesa 
than 4&»i/r tlat time ; and therefore, k bank* 
tuptoy might paove unavoidabre K 

i virish I could think, that there is Motfasng 
\m th|» M|ir€6entdtion^ that can be apipHed to 
|2l6 praent state of this nation. The intensst 
d tfie public debts has beea mduced^ at di^ 

> ledidoMoKit befoipmen, that i^ operadoa ff «rb 
H sdieme iviqiild miso tha 3 per cent, debts nearly to par^ 
and render the discharjge of them at p discpUDt impracti- 
cable. 

ferent 
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fieKfit periods, from & to 5, from 5 to 4, and 
frolxi 4> to 3 per eent. ; but still they have 
grown wiA rapidity ; and we now see oux^ 
selves overloaded, and in no way of gain**, 
ing relief Had there been no reductions of 
interest, we should, indeed, have been in the 
same condition sooner ; but, we might have 
been relieved also sooner, and with Ies3 dij^ 
Acuity and danger. 

' In short. Reductions of interest are ad^ 
vatitageous chiefly when made to gain adf« 
ditions to such a sinking fund as I have de^ 
scribed. — When made with other views, they 
are only palliatives, which giwe present relief 
by increasing ^//fttre danger; or expedients 
which postpone a public bankruptcy, by ren- 
dering it a calamity more unavoidable an4 
dreckdfuL As managed therefore amojng us, 
they have been indeed the effects of too 
narrow a policy, and deserve none of thtf 
encomiums which have been bestowed upoa 
them. The preceding observations prove 
this, sufficiently; but there is one ferthei 
proof of it which I cannot help mentioning. 
Suppose <3^200,ooo per annum to have been 
gained in 1 7 1 6, by the reduction which was 
then made of the 6 per cents, to 5 per cents. \ 
or, in other words, by saving l per cent. pe» 
annum on a capital of 2o millions. This 
saving, in consequence of being applied un- 
alienably in the oiaiiner I have repiresented^ 
to the payment of the public debts, would> 
in 37 years, have discharged a debt of 
^20^335^000^ bearing 5 per cent, interest* 

But 
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But if applied every year to current services, 
in order to avoid levying new taxes, the befto- 
fit derived from it in the same period would 
be 37 times ^200,000, or 5e7>400,000; 
but at the same time, a debt would have 
been continjied of 20 millions, which must 
have been otherwise paid. The effect, there- 
fore, in this case, of the reduction, would 
be to prevent an incumbrance on the public 
of ^200,000 per ann. by leaving upon it an 
incumbrance of a million per antu rendered 
more difficult and unlikely than ever to be 
removed"". 

But 

* There is an inconvenieDce arising from reductions of 
interest, which I did not attend to when this Chapter was 
composed, but which is greater than any here mentioned. 
They have given rise to the extravagant douceurs or pre^ 
mnums which have been annexed to our public loans, by 
causing the lenders of money to consider whatever interest 
could be offered above 3 per cent, as no more than a short 
mmuity. — Had there been no reduction of interest be- 
fore tlie war which begun in 1755, the price of thejintr 
per cent, stocks would have been during the whole war 
either above par or not much below it, and government 
might have borrowed at this or a lower interest without 
premiums. But the reduction which had just taken place 
jof 56 millions to an interest of 3 per cefiL made it una- 
voidable for nionied men to consider this stock as only a^ 
8 per cent, stock with sil per ann, added till peace was 
established; and this made it necessary for government, 
either to promise interest extravagantly high, or to offer 
long, or short, or life-annuities, or additional capitals, as 
rewards for lending money at 3 per c€?U. The last me- 
thod has constantly been adopted; and in consequence 
of it, the public has been put to an enormous expence, 
which the avoiding of reductions and a little management 
would have rendered entirely unnecessary. 

I have endeavoured to explain this in the second Ti^&ct 

oa 
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r -Bit to return to the subject I have prmd* 
pally in view; 

• What 1 have said implies, that a state al- 
ways discharges its debts, whatever interest 
they bear, by paying the original sum bor- 
rowed/ It may, perhaps, be imagined, that 
when a loan is under j&ar, it may be discharg- 
ed at a less expence* But this is by no means 
so practicable as it may seem; for it should 
be considered, that a public loan, now under 
j&ar, would not long keep so, after being put 
into a course of payments : And for this rea- 
son, as a state can never be obliged, in re-v 
deeming its debts, to pay more than the ori* 
ginal suni borrowed, so neither ought it to 

on Civil Liberty. Part II. Sect. III. and particularly in 
the Supplement to tliat Tract, where regulations are 
proposed for raising the value of stocks bearing higher 
interest than 3 per cent* in order to avoid the necessitj 
^ oflfering high premiums and creating artificial debts.—- 
The following example will shew what occasion there is 
for some such regulations.^^— I'he 3 per cent, stocks were 
(Oct. 25th^ 1781,) at 55] ; and the price of the4p£r 
cent stocks^ which, in order to bear a proportionable 
price, ought to have been 7^li ^^^ (deducting a fort^ 
night's interest) 7^^- ^"^ P^ <^^^^* added to make 9. Jive 
per cent, stock, would have been still more undervalued ; 
(ind such a stock, even witli the advantage of being de- 
clared irredeemable for 15 or 20 years, would not pro- 
bably have sold for more than ^5i2, or if*83. Had, there- 
fore government attempted to borrow by offering 5 per 
cent, it could not have succeeded without giving a pre- 
mium of near £20 for every ^100 advanced. But, by 
such regulations as those proposed in the Supplement to^ 
which I have just referred, it would, I imagine, have 
become practicable to borrow at interests corresponding 
ucarl^ to the prices of the ^per cents. mtX^QxiX premitmis. 

expect. 
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expect in geaereU ta be aUe te rodeem them 
by paying less. I have said, in gsnend ; for 
I am sensible that» at the banning of the 
operations of a fund, when its produce is 
small, and also in a time of war, |i atate 
might derive great advantages from the low 
price of its debts. And I am sensible alao, 
that considerable advantages might be de^ 
rived fiH^m lotteries, in paying the public 
debt»: But lotteries do great mischief in a 
8tate» by fostering the destructive spirit of 
gaming. It is wretched policy to make 
them iamiliar, by recurring to them in the 
ordinary course of government. There are 
great occasions on which they may be ne* 
cessary, and for such occasions they should 
be reserved. 

The advantages of putting the public 
debts into such a course of payment* as I 
have described, are scarcely to be imagin- 
ed. It would give a vigour to public cre- 
dit, wliich would enable a state always to 
borrow money easily, and on the best terms. 
And the encouragement to lenders might 
be always improved, without any inconve- 
nience, by making ^very loan irredeenwible, 
during the first 20 or 30 years; for, there 
could seldom be any occasion for beginning 
to discharge any one loan sooner. 

It might be easily shewn ; that the faithful 
application, from the begjbning of the year 
1 700, of only ^300,000 annual^, would long 
before 1 790, notwithstanding the reductions 

5 of 
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of interest, have paid t)fF above a Imhdred 
millions of the public debts. The nation 
might, therefore, some years ago, have been 
eased of a great part of the taxes with. ^\ihich 
it is loaded. The moat important relief 
might haye been given to its trade and ma*- 
nufactures; and it might now have been in 
better circumstanoes than at the beginning 
of the last war ; its credit firm ; respected by 
ferdgn nations, ^nd dreaded by its enemies. 
A new account might also some years ago 
bare been began; and another fund, not 
much moK considerable, applied m the same 
way, would, in a short course of years, have 
^d ^U that would have been now unpaid 
xs£ tnir debts. And thus, without any ex- 
fnsnce that could be sensibly felt^ its debts, 
as soon as they began to grow heavy, might 
have been constantly reduced to a half, or a 
ihird'^ and not only all danger, but ail con- 
Yiderable inctmvemeace from them prevented. 
All I have now said, supposes a sbigh fund 
with a gene7*al appropriation to the payment 
<of the public debts. The same ends might 
'be answered by particular funds, with small 
surpluses, appropriated to particular debts. 
Inthe wars of King fFiliiam and Queen jinne, 
an interest of six, and sometimes seven and 
eight per cent, was given for lo^ns. It would 
have been easy to have annexed to each loan 
a fund :ptod}icin^ z surplus of ^1 per cent. 
after paying the interest ; and such a surplus 
would have been sufficient to annihilate the 

principal 
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principal of every loan in 33 years. Had 
this plan been followed, the disengagement 
of the public funds, and the relief attend- 
ing it would have begun 60 years ago ; and 
the debts contracted, during the reigns of 
King fFUlimn and Queen AnnCy would have 
been all cancelled near 30 years ago, without 
any of that trouble, tumult, and distress, 
which have been occasioned by reductions of 
interest, and by the various schemes which 
have bwn tried for lessening the debts ".— • 
A fund, yielding £l per cent surplus, an- 
nexed to a loan of 5 per cent, would dis- 
charge the principal in 37 years **• At 4 per 
cent in 41 years. At 3 per cent, in 47 years. 
These observations relate only to what 
might have been the state of the nation with 
respect to its debts, had a right plan been 
pursued from the first. But it will be asked, 
What can be done with them as they are? 
I wish I was able to give a more satisfactory 
answer to this enquiry. Every one must see 

* 

^ The sums to be laid out would, in this case, be so 
small at first, that it would be proper to employ them in. 
purchasing part of the loan to be annihilated at the prices 
m ihe piiblic market; and this, as far as it can be car-< 
ried, is the most easy and quiet and^sileut way possible of 
extinguishing the public debts. 

° I have all along supposed the produce of the public 
■funds to come in yearly. The truth is, that it comes 
in Aa^-yearly ; but this gives no advantage in the pay- 
ment of , the public debts worth taking into account. ^1 
per unnumy together with its growing interests, at 4 -per 
cent, taken yearly out of i^lOO, will reduce it to nothing 
in 41 years ; if taken Aa/f-yearly, it w^ill annihilate the 
same capital only four months and 12 days sooner. 

our 
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6ur prospect to be discouraging, and our state 
hazardous. Some have thought, that a good 
method might be found out of discharging 
the national debt, by short annuities, and hfe- 
annuities. The following observations will 
shew how groundless an imagination this is* 
Short annuities and life-annuities have been 
always undervalued by the public; and 
were they offered to sale to such an amount 
as would be necessary to make any consider- 
able reduction in the national debt, they 
would probably fall to a very low price. 
Let the three jfter cent, stocks be supposed 
at 86.^100 of this stock would riot be 
given up for a life-annuity less than 5^6, or ^ 
short annuity for a less term than 30 years ; 
for this is valuing them at I4^years purchase^ 
and life-annuities in particular have never yet 
been disposed of at so high a price. — In or* 
der, therefore, to discharge in this way a ca- 
pital in the 3 per cent, annuities of 83 millions 
and a third (the interest of which is a mil« 
lion per ann.) it would be necessary to pro- 
vide a surplus producing another million per 
ann. for 3o years. But this surplus, em- 
ployed during the same time as a sinking 
fund, would redeem 47 millions and a half 
at par, and 5 1 millions and a half at £86 
in money for every <5^loo stock. It would, 
therefore, be great folly to employ such a sur- 
plus in the former way rather than the latter. 
But I will beg leave to detain the reader 

here a little longer ^The observations now 

made may be of use in shewing what the 

best 
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best method is <if incurrhig debts as well atf 
redeeming t hem • 

Suppose a million raised by awnvities on a 
set of lives, all at 30 years of age. The 
purchasers of such annuities cannot rea- 
sonably be reckoned to have an expectation 
of less than 30 years. That is ; the dura- 
tion of their lives^ taking them one with 
another, will be 30 years ; .and they will, he 
entitled, supposing interest at 4 per ee$U. to 
3^7 per amu for every ^loo advanced. Fora 
million then, the public would make 30 pay- 
mentsof £70,000. — Let us suppose next, that 
a fund producing this sum annually, instead 
of being engaged to pay these life-annuities> 
is en^j^aged for 30 years, to pay the principal 
and interest of 9 million, borrowed on re- 
deemable perpetuities, at 4 per cent. There 
will, at the end of the first year, be a sur- 
plus of ^'30,000. — In consequence of ap- 
plying this to the extinction of the principal^ 
it will be reduced to ^£>7 0,000, on which, 
at the end of the second year, the interest due 
will be ^'6S 800. There will, therefore, be 
a saving of ^1200. Instead of employing 
this saving in farther sinking the principal, 
which would cause the fund to accumulate 
in the same manner with money at com- 
pound inter<.st, let it be taken and employed 
in any other way : And let the same be done 
with all the subsequent savings, reserving 
only c56'30,ooo annually, for the purpose of 
sinking the principal. At the end of the se- 
cond year, tlie principal wUI be «^940j000 ; 

and 
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tod the saving of interest upon it> at the end 
of the third year, ^24oo. At the end of 
the 30th year, the principal will be reduced 
to ^100,000. The saving of interest that 
ypar will be, ^1200 multiplied by Hq, or 
^34,800, and the sum of all the savings will 
be ^522,000* Deduct from hence ^100,000 
remaining then undischarged of the princi^ 
pal; and ^422,000 wiU be the loss the 
public would sustain in the circumstances I 
have supposed, by r^ing money on life-an- 
nuities. But if we suppose the savings, as 
. they ariie, as well as the constant sum of 
^30,000, to be applied to the discharge of 
the principal, instead of being spent on cur- 
rent services; the whole million will be an- 
nihilated in 21 years and a half; and the 
loss to the public by preferring life-annuities, 
will be 8^ years purchase of the annuities j 
or ^595,000. By similar deductions it may 
be easily found, that the loss, in younger 
lives, is greater; in older lives less ; but ne- 
ver inconsiderable, except in the oldest lives. 
It appears, therefore, that in consequence 
of such a way of raising money, the public 
roust always pay much more in interest than 
there is any occasion lor ; and waste a sum 
equal to more than half the principal bor- 
rowed ^ This, however, though so wasteful, 

w 

' It Is obvious, that the obsenrations- here made, may 
be applied to the commott methods of raising money 
on lift-annuitie$, for buiWmg churches, paving streets, 
making navigations, &e. &c. And, in general, to aU cases 
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is a more frugal way of procuring money 
than b/. borrowing on perpetuities, without 
putting them into a course of redemption ; 
for in this case the loss may be infinite. 

But to return. 
. The enquiry which has .occasioned this 
digression, must be interesting to every per- 
son who wishes well to this country* All 

where the money received is not laid up to be improved. 
—For, to view this subject in- another light, let us sup- 
pose i^lO,000 borrowed for any public work, on perpe- 
tuities at 4 per cent. And, if that will afibrd more en* 
couragement, let them be made irredeemable for any num-^ 
ber of years less than seventeen. Let us forther sup^ 
pose such rates^ or tolls, established for the payment of 
the interest and principal, as shall produce double the in* 
tefest of the sum borrowed 3 or ^'800 per aTinum instead 
(tf jf 400 per annunu Let the surplus, as it comes iq half" 
yearly, be laid up to accumulate in the public funds. In 
17 years and a half^ reckoning interest at 4 per cent, a ca- 
pital will be raised, equal to the whole sum borrowed ; 
and, therefore^ at the end of that time, the whole debt 
BBay be discharged, and the whole transaction finished. — 
But if the same sum bad been borrowed on annuities, for 
the lives of a set of persqps 50 years of age^ at 8 per cent, 
which is j€i per cent, less than the true value of such an- 
nuities : Had this, 1 say, been done^ half the annuitants 
would have been alive at the end of the term I have tnen* 
tfoned ; and the whole transaction* together with the ex- 
pences and trouble amending the management of it, coutd 
not have been fitially closed till the extinction of all th* 
lives; that is, not in less time, most probably, than 35,. 
or, perhaps, 40 years. — It is a necessary observation here, 
that, if public credit maintains its ground, much will not 
diepend^ i«i the plan now proposed, on the rise and fall of 
SrocKS. If a war sinks them, the money laid out^ while 
the war lasts^ will accumulate faster. If a peace raises 
them, the money that had been previously laid out will be 
proportionably increased. 

scbemcft 
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schemes for discharging the public debts by 
life-annuities, have beeti shewn to be absurd 
and iextravagant. In general it may be ob- 
served, that it is far from probable, that aiiy 
money which the nation can spare, if ap- 
plied so as to bear only simple interest, can 
be capable of reducing its debts within due 
bounds ; or of doing us, in our present cir- 
cumstances, any essential service. -A fund, 
producing a surplus of even two millions an- 
nually, would, when thus applied, pay no 
more than 40 millions in 20 years ; and, in 
that time, a war might probably come, which 
would interrupt the application of it; and in- 
crease our debts much more than such a fund 
had lessened them. 

Certain it is, therefore, that if our affairs 
are to be retrieved, it must be by. a fund in- 
creasing itself in the manner 1 have explain* 
ed. The smallest fund of this kind is, in- 
deed, omnipotent, if it is allowed time to ope- 
rate. But we are, I fear, got so near to the 
limits of the resources of the nation, that it 
cannot be allow^ed much time : And, in or- 
der to make amends for this, it is necessary 
that it should be large. ^ 

In redeeming the public debts, consider- 
able advantages might be derived from their 
low price ; and this auVantage, in -a time of 
war, would be nearly the same in whatever 
manner the redemption was made: That is, . 
whether it ivas always made ztpar, or at the 
market prices below par. The latter tfiethod 

u 2 would 
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would be the best; but supposing tl^e former 
adopted, an equivalent advantage veould arise 
from the power it would give to borrow 
money on lower terms. — Suppose^ for in* 
stance^ that in. a time of war, four mil- 
lions must be borrowed for the service of 
the year ; and let the produce of the fund 
be dien increased to two millions ; and the 
interest of money in the stocks, above 4 
per cent In these circumstances, it would 
be the interest of the lenders of money, to 
take 34. per cent for the sums they advanced^ 
in consideration of having their 3 per cents.* 
paid off at par, to the amount of half these 
6ums. — ^War, therefore, would accelerate the 
redemption of the public debts; and it would 
do this the more the longer it lasted, and 
the higher it raised the interest of money. 
Or if, in consequence of paying always at 
par, this could not happen ; an equivalent 
effect would be produced in the way just 
mentioned* The stocks would be always 
kept up by the operations of the fund; and, 
in proportion to the suras yielded by it, the 
public would be able to borrow money more 
advantageously, aad less would be added to 
its burdens. — ^This seems to me an observa- 
tion of particular consequence. It demon- 
strates, that the inv^jiable application, in 
war as well as peace, of the produce of the 
fund I am supposing, to the payment of 
the national debts, rather than to any cur- 
rent services, --would, Independently of its 

effect 
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effect in redeeming these debts, be attended 
with great advantages to the J>ublic, But 
this is a subject on which I shall have occa- 
sion to iay more presently. 

The linking Jiind, in its present state, and, 
after supplying the deficiencies of the peace 
establishment, yields, I suppose, a consider- 
able part of. a million and a half per annX 
And I cannot doubt but that such savings 
might be made in the collection and expen- 
diture of the national revenue, as would 
cause this fund, to yield the whole of this 
sum, without imposing any new burdens on 
tte public. ' But, were there, indeed, no way 
of providing any part of it, but by creating 
new funds, or imposing new taxes ; it ought 
id be done, because it must be done, or the 
nation sink. 

The evils and dangers, attending an exor^' 
hitant public debt in this country, are so 
great, that they cannot be exaggerated. — 
Without repeating, what has been so often 

» * 

^ A more careful enquiry has shewn me that the true 
surplus of the public income was at the time when thi3 
was written much less thkn I imagined. For live years 
after 1763 it was no more than ^30,000 per arm. For 
five years before 1775 it was ^338,729; and the me* 
dium for the whole duration of the peace between the 
last two wars was jf 11^6,000 per ann. according to tlie 
accoonts ^ in the second Tradt on Civil liberty. Part 3d, 
Sect. 4tb. And from the commencement of the pres«iit 
peace to the present year 17SO, the stated revenue has pro- 
duced ng surplus. 

said, 
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said, of its increasing the dependance on the 
crown; rendering us tributary to foreigners; 
and raising the pnpe of provisions and labour ; 
and, consequently, checking population, and 
loadin*^ our trade and manufactures; 1 will 
only take notice of the following evils which 
attend it. 

First The execrable practices of the 
Alley. These cannot be mentioned in Ian- 

c 

guage too strong. They are increasing every 
day; and the national debt, by giving occa- 
sion to them, is likely soon (with the aid of 
annual lotteries) to ruin all honest industry 
among us, and to turn us into a nation of 
gamblers. 

Secondly.' It must check the exertions 
of the spirit of liberty in the kingdom. Th^ 
tendency of every government is to des- 
potism; and in* this it must end, if the peo- 
ple are not constantly jeajous and watchful. 
Opposition, therefore, and resistance, are often 
necessary. But they may throw things into 
confusion, and occasion the ruin of the public 
funds. The apprehension of this must iii- 
fluence all who have their interest connected 
with the preservation of the funds, and in- 
cline them always to acquiescence and ser- 
vility. ' . ' 

But further. It exposes us to particular 
danger from foreign enemies by inviting in- 
»ults, and rendering .us incapable of meeting 
'War, hoM''evcr necessary, without the bayard 

of 
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€f bringing on terrible convulsvons, by over- 
whelming public credit. 

All these are evils, which must; increase 
with every increase of the national debt ; and 
there is a point at which, when they arrivCjt 
^ the consequence must be fatal '. 

But to proceed to some further observa- 
tions. 

What has been said, has all along sup- 
posed a sacred and iwWo/afi/e application of the 
fund 1 have described, and of all its earnings, 
to the purpose of sinking the national debt. 
The whole effect of it depends on its being 
allowed to operate, without interrup- 
tion, a proper time- But it may be asked, 
how this can be seciired ? Or, by what m^ 
thod an . object, that must be continual!/ 
growing' more and more tempting, can bft 
defended against invasion and rapine? — t 
might here mention the superintendency and 
care of the representatives of the kingdom. 
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' ^^ Sither the nation (Mr* Hume sa)s, Essfy^^ YoK II. 

p. 145) must destroy public credit; or public credit wilt 
'* destroy the nation.'* Mr. Gordoji, in the Preface to 
Cato's Letters, tells us, that the great and good Mn 
Trbnchard had t^o things mucfi at h^furt, namely, 
keeping England free from 'foreign broils, ^nd paying off 
the inihlic debts. He thought that one of these depended 
on the other, and that the being o£ the state depended on 
the latter^ Mr. .<r07(2bn, adfli, that he believed Ao one^ 
who thoi|ght at al^ could think l^j^r. TB£NcaAiij» mis-^ 
taken. 
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{he fkitbfiil guardians of the state^ to whom 
ministers are responsible for the use they 
make of the public money. But experience 
has shewn, that we cannot rely on this secu-» 
rity. — ^Tlie difficulty, therefore, now men** 
tioned, is the very greatest difficulty the na- 
tion has to struggle with in the payment of 
its debts. 

The sinking fund was established iii the 
year 1 716, or soon after the accession of the 

5 resent family, at a time when the public 
ebts, though not much more than a third of 
^hat they are now, were thought to be so 
Considerable as to be alarming and danger- 
ous. It was intended as a sacred depo- 
sit never to be touched; the law whifch 
established it declaring, that it was to be ap* 
plied to the payment of the principal and 
interest of such national, debts and'incum- 
trances, as had been incurred before tbe 25 th 
of December 1 7 16'; aiid to no other use, inteni^ 
dr puffidie whatever. — ^The faith of parlia- 
fri€nt, therefore, as well as the security of the 
kingdom, seemed to require, that it should be 
jffeserved carefully and" rigorously from alie-- 
|iati6ri,' But, notwithstanding this, it has 
iMes^ generally alienated ; and the produce of 
it employ^dj in helping to defray such cur* 
]fent expence? as thq eiigei^ces of the state 
fej>dered necesaaiy. 

In o]fder to jilstify this, it has been usual 
to ptebd, that when money is 'Wanted, it 
ii^akes no diiference, whether it is taken from 

' 3 hencci 
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hence, or procured by making a new loan. 
But in truth the diferencc between these 
two methods of procuring money is no less 
than infinite. — ^For, by employing the sink- 
ing FUNp in bearing current expences^ 
rather than borrowing new money on new 
funds ; the state, in order to ^void giving 
simple interest {qt money, is made to alienate 
money, that must have otherwise been im- 
proved at compound interest; and which, in 
time, would have necessarily increased to anjf 
sum. — ^Had a faithful use been made from the 
first, of only pne third of the produce of 
this fund, the greatest part of our present 
debts would now have been discharged •• — 
Can it be possible. then to think, without the 
deepest regret, of that misapplication of this 
fund, which, with the consent of parliaments 
always complying, our ministers have prac- 
tised ? 

" The principal observations in this Chapter, I hate 
given just as they occurred to. my thoughts, without 
knowing that any of them had been made by otjier 
writers. Some proposals and observations of a similar 
nature, I have since found in an exx:ellent pamphlet pub* 
Ksbed in \^26'f entitled. An Essay en the National Vebis 
^this kmgdfom^ wherein the importance of discharging thum 
•IS considered, and some general mistakes about the natta$ 
and efficea/ of the Sinking Fund examined and removed. 
In *a Letter 'to a Member of - the House of Commons, 
fbutth editUm. • 
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SUPPLEMENT. 

\ 

I 

THE following account of our Public 
Funds in general, and of the Sinking Fund 
in particulur, having been, published in an^ 
other work too incorrectly, I have thought 
proper lo introduce it here as a Supplement 
to the preceding Chapter. 

The British Funds have been all formed 
into the four following classes or divisions* — 
TTie' Aggregate^ Fund; the South-Sea 
Fund ; the General Fund ; and the Sink- 
ing Fund. 

The Aggregate Fund was established by an , 
act of Geo. I. cap. 12. in 1715. It had this 
namegrven it, because it consisted of a great 
variety of taxes and surpluses of taxes 
which were in that year consolidated, and 
given as a security for the discharge of the 
interest and principal of debts due to the 
Bank of England, and some other public 
debts; and also for the payment of ^I20,ooo 
per annum to the civil list. Into this ^WTirf 
were brought the two-thirds and one-half, 
subsidy of tonnage and poundage ; half the 
inland duties on tea and coffee ; the house- 
money granted by the 7th of 1VUL III.; the 
duty on hops; the duties on low wines, 
brandy, and British spirits; all arrears of 
land-taxes; all public monies not appro* 
^riated; the surpluses of the nine-penny 

excise; 
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excise, of the five-sevenths of the Bank nine- 
penny excise, of the revenues in the annuity 
acts of the 4th, 5th, and 6th of Queen Anne, 
&c. and, by an act of the 1st of Geo. III. all 
, the duties constituting the revenue of the 
civil list, ^ 

The South' Sea Fund was established, by 
stat. 3 Geo. I. cap. 9. in 17 16; and was so 
called, because appropriated to pay the in,7 
le^est of the South- Sea company's capitaU 
It consisted of a duty ^n candles, ;and certain 
imposts on wines, vinegar, tobacco, and 
East-^lndia gqods. 

The Gene^ral Fund was also established, by 
stat. 3 Geo. I. cap. 7. in 1716, and consiste4 
of a subsidy on goods exported ; a tax ba 
hackney-coaches and chaii*$ ; duties on soaj^ 
hides, stamps, and policies pjf inslirahce; 
6^700 pfer week letter money; a moiety of 
the inland duties on tea and coffee; and 
^39,855 per annum out of the hereditary 
excise on beer for the bankers annuities. 
All these taxes were appropriated to the dis- 
charge of the interest of ^7,808,08^, (origi* 
nally dB\Ofio6fioo,) capital stock of Souths 
Sea annuities, together with charges Qf ma- 
nagement. 

All that remained of the produce of the 
taxes thus digested into these three funds, 
after satisfying the charges upon them, was 
in the same year (or 1716) carried into a 
foMvth'fund, to which was given the name 
of the Sinking Fund, because appropriated 

to 
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to the purpose of Binhiiig the public debts. 
The words of the. act of the 3d of Geo. I. 
%rhich established this fund, are, ^ All the 

* monies to arise from time to. time, as 

* well of the excess and surplus of ah act 

* made this session for redeeming the funds 
^ of t^ie Bank of England; and of the ex- 

* cess or surplus by virtue of one other act 

* ma^e likewise this session for redeeming 

* the funds of the Soutk-Sea company ; as 
^ also, of the excess or surplus of the du- 

* ties and revenues by this act appropriated 

* as aforesaid ; and the overplus monies of 
** the said General Fund by this act esta- 
^ blished, shall be appropriated to the dis- 

* charging the j)rincipal and interest of 

* such national debts as were incurred be*^ 
•'fore the 25th of December, 17 16, and 
^ are declared to be national debts ; and to 
^ or for no other use, intent, or purpose 
*• whatsoever.** The transactions^ with re* 
spect to this fund make a very important 
part of the history of Britain ; and furnish 
us with a striking instance of the depravity 
and folly which often ruin kingdoms. 

Before its establishment there had existed 
many smaHer funds of the same nature; that 
3s> such duties or taxes had been provided for 
paying the interests of particular loans, as 
afforded surpluses by which the principal 
Itself was to be gradually redeemed. This 
was the common practice in the reigns of 
King fFiUiam and Queen Anne. Most of the . 

public 
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p.ublic duties were given for terms of years; 
and at the end of those terms they ceased o£ ^ 
course, unless continued for farther terms by 
new acts of parliament : And, in general, it 
was provided, when any money was raised^ 
that the principal should be cancelled either 
by time, as in the case of the sale of lon^f 
and short annuities, or by the surpluses of / %^ 
the duties charged with the payment of the 
interest. This was an excellent plan; but 
it was by no means carried into execution* 
In the year 1 720^ most of the long and short 
annuities were converted into redeemable 
perpetuities, at the cxpence of above three 
millions ; and the surpluses of the duties 
charged with particular loans were often so 
broken into, by being either charged with 
new loans before they had cancelled the old, 
or spent on current services, as to be ren- 
• dered incapable of answering the end in- 
tended by. them. In consequence partly o/ 
this bad management, the public del^s at the 
accession of the House of Hanover were so 
much increased as to be generally reckoned 
insupportable ; .wid their. reduction was thade 
one of the first objects of parliamentary at- 
tention. This gave rise, in .1716,^ to the 
institution of the fund of which ' we aric * 
giving an account; the fether of which was 
(as has been, generally, s^id) Sir Robert tVaU ^ 
pole, but, in reality. Earl Stanhope. All 
the taxes, except the land-tax and six-pence 

per 



802 Of Public Credit, 

per bushel malt^tax', were then made per* 
petual, and distributed into the three ^i^ittfe 
vrhich have been described, the surpluses 
of which, for ever afterwards, were to be 
held sacred, and to be applied inviolably, 
according to the words of the act just recited, 
to the redemption of the national debt. 

A considerate person might have suspected, 
that the same causes which had rendered 
former partial appropriations ineffectual, 
would destroy the efficacy of this. There 
seemed, however, to be reason for hoping 
the contrary : For, 

First, the future happiness and glory of 
the kingdom were thought to depend " on 
this appropriation ; and the law which esta- 
blished it was declared to be a fundamental 
law of the realm. 

Secondly, in conformity to these senti- 
»ents, the words of this law were made as 
strong as possible ; and, in order to give 

* " • ^ 

* These taxes have been always voted by parliament 
fropi year to year; and are, oq this account, distinguished 
by Tlie name of the annual taxes ; ^nd wholly employed, 
as far as they will go, in bearing the current exigences of 
every year. 

^ Tlie alarm occasioned about this time by the public 
debts (which have l)een since twice doubled) and the 
cagtr expectations entertained from this fund^ appear 
remarkably, from a fact just mentioned ; or from the 
conversion (at the expence of three millions) of most of the 
lon^ and short annuities then subsisting into redcemalU 
perpetuities, io order to subject tiiem ,to the operation te>f ' 
this fund. 

additional 
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additional force to it, a repetition of it, in 
the same words, was inserted in an act of 
the 5th of Geo. I. cap. 3. Particular notice 
should be taken of these words. They order 
that all the surpluses of the taxes then made 
per|>etual, shall be applied to the discharge 
of die public debts, and " to no other use or 
^ intent whatever.'' When, therefore, a 
debt had been paid off, the addition arising 
from that payment to the surpluses (or the 
annuity disengaged by it) became a part of 
the fund, and, together with it, was to be* 
employed in discharging farther debts. And ] 
the same being true of every successive an- 
nuity disengaged by every payment, the 
Jund, if never misappUed, must necessairily 
have operated in sinking the public debt, in 
the same manner that money accumulates, 
when put out to bear compound interest 
And in this way this fund did in fact operate 
for a few years. While in its infancy, it 
was watched with great care- The improve- 
ment and the inviolable application of it was 
recommended in most of the speeches from 
the throne, and echoed back in the addresses 
of the House of Commons. It is particularly 
observable, that so well did our minister* 
then understand the nature and importance 
of this fu7id, that rather* than encroach upon 
it, they frequei^itly borrowed money in order 
to defray the necessary expences of govern- 
ment. From some publications in 1726 it. 
appears, that some persons had been led to 
S apprehend 
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apprehend this zeal of ijtxt, ministry would 
not be permanent, because it was not their 
interest to pay off the public debt, on account 
6f the dependence apd influence created by 
it In answering this objection, the writers 
On the side of the court called such an ap- 
prehension an indecent Jealousy, And took 
upon them to assure the public, " that in no 
** possible exigence of a£&irs could our mi- 
•• nisters ever approve of or recommend the 
^ alienation of the sinhing fundT Happy 
would it have been for Britain had this 
proved true : But in a little time it appeared, 
that the apprehensions which had been s tiled 
indecent jealousies, were too well grounded- 
Men in power came soon to see, that this 
Jiind was advancing too fast in its opera- 
tions, and to change their zeal for it into a 
resolution to destroy it. This will abun- 
dantly appear from the following facts. 

Charging the income of the sinMngfund 
with the payment of the interest of new 
loans, is an encroachment upon it, no less 
subversive of its efficacy, than depriving it 
of gross sums; there being no difference 
between taking from it the annual interest 
of a sum, and that sum itself Between 
the years 1727 and 1732 several incroach- 
ments of this kind had been made upon it ; 
but, being of a less obvious nature, they 
passed without any particular opposition. 
The finishing blow was given in the year 
1733. Xn that year, in order to keep the 

land- 
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knd-tax at one shilling in the pound, it was 
necessary either to borrow half a million fo* 
the current service, or to take half a million^ 
from the sinking fundi The last method was 
chosen ; and proposed by Sir Robert Walpole 
to the House of Commons. Loii^ and 
warm debates ensued* A proposal to alie^ 
nate, in a time of profound peace, a fund. 
Which the law had made sacred^ and the 
alienation of which wo possible exigence of 
public affairs could justify, only for the sake 
of keeping the land-tax for one year at one 
shilling in the pound, justly kindled the 
indignation of the patriotic party. They 
ui^ed the prohibition of the law, the faith 
of parliament^ and the security of the king- 
donti. The proposer of the alien^ion was 
reminded of his inconsistency and treachery,, 
in endeavonring to beat down that very mo- 
nument of glory which - he had boasted of 
having erected for himself; and Sir John 
Barnard warned him^ that he was drawing 
upon himself the curses of posterity. But 
all arguments were vain. The ministry 
pleaded that the landed interest wanted ease; 
that there was no occasion for being in a 
hurry to pay the national debt ; and that the 
circumstances of the kingdom had altered so 
much since the establishment of the .sinking 
fundy that the competition then among the 
public creditors was, not who should be 
Jirsty but who :sho^^d be last paid. Thus 
VOL. I. X argued. 
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ai^ed, $mang other5> Sir Robert Jfhlfi^e. 
Mik reawos prevailed; and the House of 
Com moils consented. 

The practioe of alienating the nnhmgfuni 
Bkning been thus begon, went oa of course^ 
In the next year, or 1734, ^1,200,000 wa» 
taken from it. In 173^5, and 173^, it wm 
anticipated and mortgaged. 

Thus expired, after an existence of » Uiw 
jcsLTS, tixe^nk^fand; that sacred blessing 
(as it was once thought) and the nation a 
only hope. Could it have escaped, it would 
long before this time have eased Britain of 
all its debts, and left it safe and happy. 

In order to obtain a juster sense of this^ 
let OS here compare what itwofdd h^ve don« 
had it never been misapplied, with wh^t ifc 
ka» done. 

; Though the act that estaibKahed it W9$t 
passed, as already said, in 1716,. it did not 
begm its operation till 171&, when thrfse 
quarters of a railli^ in old fixcfaequer bills 
wer^ paid off with it The intermediater 
^^,^ time hod been employed in laying the £i>un^ 
dations of this ^nd, and proTixifii^ an in* 
come for it, by a general reduction of <^« 
pittl^Ic debts, from an interest of six per 
eefit. a&d otb^* higher interests, to five per, 
epnt. What madb this reduction thai prac-* 
ticaUe was a rapid Mi q£ the interest of 
money, which bqgun (in consequence of ua 
increase of trade ^producing an influx of 

.«iw*y> 
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money) a little before thie zcbetAon^ The 
means used by government for accomplish- 
ing this reduction were, first, the addition 
(at Miehaelmda l ;^ 1 7) of the interest of some 
debts bearing five per cent, to the principal, 
in order to make use of the produce of iht 
iaxes which should have paid that interest^ 
in discharging the bankers debt and some 
other debts bearing six per cent. 

Secondly, loans at five per cent, obtained 
chm&y from the Bank and the SouthrS^a 
company, to pay off such of the public cre^ 
ditors as did not chuse to accept a lomnep 
interest than six per cetU. 

After this reduction, the three ^»^, be-^ 
^re described, produced a surplus of above 
half a million per annum. JUi 1727 thift 
surplus was increased to ^939,103, and in 
^733 (the year when the practice of alie- 
nating it begun) it had been increased so 
much by the redemptions made with it^ 
and by a second reduction of interest in 
1727 from five to four per, cent, that its 
medium for five years had been ^1,212,000 
per annum. Had it, from the year 17S^ 
been allowed no increase beyond this sum 
(except from the interest of debts paid by it>^ 
and been applied for the first twenty-five 
years to the payment of debts bearing fowl 
per cent*, interest, and afterwards to the pay- 

■ 

'* The legal iotefest of tnoney was reduced in 17^^ 
ffwi iU to five ^ ^^ ^ 

x3 ment 
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ment of debts bearing three ^w cent, it would 
(in the year 1781) have completed the re- 
demption of more than one hundred and 
sixty millions of debt, tearing the public 
during t|iis vrhole period, in possession of 
all the surpluses which hare arisen in the 
revenue beyond 5^1,212,000, except those 
produced by redemptions. It is not possible 
to conceive the beneficial efiects with which 
this would have been attended, or the vigour 
which would have been all along given to 
public credit by such a fund, and by the 
prospect it would hare given of the total 
annihilation in a few years of all the public 
debts, and the disengagement of the taxes 
supporting them. No person who duly at- 
tends to. this, and wishes well to England, 
can avoid execrating the policy which first 
produced, and has since continued, the alie- 
nation of the sinking fundy and converted an 
expedient for saving the kingdom, into a 
supply for extravagance, and a support of 
corruption and despotism. This, however, 
is a policy which it may be expected man in 
power will always use when they can ; for 
few of them (except when well watched) 
have ever shewn themselves superior to th6 
temptations of power, or virtuous enough to 
avoid using all means to extend it. 

Many schemes of different kinds have 
been formed for paying the public debts; 
an^ certain it is, that nothing can be of 
more importance. But the nature of things 

3 _ . doth 
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doth not admit of anj method of doing thisi 
so expeditiously and efiectQaHy as an unalie- 
nably sinking fund; for in such B,fund (it has 
been shewn) money is improved at com- 
pound interest, and therefore in the most 
perfect manner. The writers, therefore, 
who have employed themselves in contriving 
such schemes might have spared their la- 
bour. The best of all schemes has been 
long known and established^ and received all 
the weight and efficiency which could be 
given it by the most solemn acts of the l^s-» 
lature« But no legislature can give security 
against itself, ISo parliament can do any 
thing which it may not undo. 

We have now seen what the sinking fund 
WOULD have done, had it suited the views 
of the British ministry in 1 7 3 3 to suffer it 
to go on with its operations. Let us next 
compare this with what it has done. 

In 1737 and 1738, a million of the stock 
of Bank annuities and two millions of the 
stock of South-Sea annuities were redeemed 
with it. For twelve years after 1738, it 
was wholly applied to the current expences 
©f every year. In 1 749, the interest of 
near fifty-eight millions of the public debts 
was reduced from four to three and a half 
per cent, interest for seven.years, and after- 
wards to three per cent, for ever. But notr 
withstanding the great addition which thi6 
^Ainrfredtictidn of interest made to .the shihjng 
fund^ no more than three miUionsiof the pub^ 

' •.. lie 
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debts were redeemed by it, during the in^ 
terval of peace between the years 17^8 and 
17S6. 

By an act of the ^5th of Geo. IL 1752, a 
ehange was made in the sinking Jund, which 
)t is necessary to mention. 

Before this act the sinking fund consisted 
only of the clear surpluses of the aggregate 
the general, and the Sautk-sea company'^ 
JUinds. By the war, which begun in 1 740> 
there was an addition made to the public 
debts of near thirty-two millions. This oo- 
Msioned a great increase of taxes ; and the 
practice was, whenever any new tax pro- 
duced less than the interest with which it was 
charged> to msdie good the deficiency out of 
the sinking Jund, and afterwards to replace 
the sum ^eri from it out of the supplies 
for the following year. But whenever a tax 
produced more than the chaige upon it, the 
overplus, instead of being carried to the 
sinking fund, was made a part of the sup* 
plies for the year. By the act just men- 
tioned, all the new taxes, together with all 
the annuities to the payment of which they 
had been appropriated, were ordered to be 
carried into the sinking fund, and formed 
into one general account. Most of the new 
taxes having proved deficient, this fund at 
first lost more than it gained by the change. 
But the loss was afterwards mcH^ than made 
up; first, by the saving which veas pro* 
duced by tl^ reduction of interest firom three 

and 
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mnd 8 half jEMr cent, to three per cnt iti 1 7^7 ; 
and, secondly, by the addition, in the samtf 
year, of the salt^hities to this Jundf after 
they bad completed the redemption of a 
million, with which they had been chargeA 
in 1745. 

The war which b^an in 1766^, added 
seventy-one millions and a half to the public 
debts. This produced a new increase of 
taxes, which (in conformity to the conso^ 
lidating act just mentioned) were brought 
to the general unking Jund account, together 
with the annuities or interests with die payr 
ment of which they werecharged. And it had 
been, till the last war, the constant practicit 
to carry every new fund br tax, imposed fot 
paying the interest of a loan, into the sinking 
Jfniid; in consequence of which this fuTid^ 
gained when the tax happened to pro* 
duce more, but lost when it produced less 
than the interest which it had been given' to 
pay. The sinking Jund, therefore, which, 
before the consolidating act, consisted only of 
the surpluses of the ^tggregate, general, and 
Scuih-sea company's funds, consisted after- 
wards of the clear surplus of all the appro- 
priated iaxes. There was only one excep* 
tton ; namely, the additional tat upon houses 
jtml windows, granted in 175*8, towards pay- 
ing the* interest of four millions and a half 
^en borrowed. This tax was never made a 

Tf See secoad Tract on Civil liberty, p. 147- 
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part of the dnkingjniul ; and; having alwaya 
proved deficient to the amount of about 
^43,000 per annum, the deficiency was 
eonstantlj made good by the sinking fund, 
and afterwards replaced from the 6up« 
plies. 

Before the last reduction of the interest of 
the public debts, the sinking fund, having 
suffered greatly from various eck:roachments 
upon it, produced little more than a million 
per anm But after this reduction, and its in* 
crease by the addition of the salt-duties, it 
produced near two millions per ann. In 
1 764 it produced at Michaelmas^ after making 
good deficiencies, ^^,l05flO0 nearly. For 
Ive years after 1764, its average produce^ 
reckoned to Christmas in every year was 
^2,234,780. For five years, ended in 1774* 
its average produce (after making goo4 
the deficiency of the fund in 17*8) 
was ^3,610,759. In 1775> it produced 
•3^2,917,869. In 1776, ^3,166,517. In 
1777, it was charged with an annuity of 
i£ 100,000 per ann. to the civil list; and, 
after paying three quarters of this annuity^^ 
and half a year s interest of five millions bor- 
rowed in that year, it produced from Oc» 
tober 1776 to October 1777, ^£2,685,669. 
From October 1777 to October 1778, 
1779* and 1780, it produced ^2,442,o63, 
^2,267,399, 5^2,403,017, after paying the 
said annuity, and also after making goo4 
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the deficiency of the fund in 1758, and aS 
the deficiencies * of the new taxes. 

It appears from this detail, that after the 
peace in 1 7^3 the income of the dnJcing fund 
increased considerably. The causes of this 
have been partly the falling in of life-annui* 
ties, and the greater productiveness of the 
taxes occasioned by the increase of luxury. 
But the principal cause was the falling in of 
the interest of about ten millions and a half 
of the public debts which were discharged 
during the twelve years ofpeace between 1 763 
and 1775. This diminution of the public 
debts was made, not by the sinking fund, but 
byacontributionfrom the JSa^//;it/taCompanj 
of ^400,000 per ann. begun in 1 768, and 
continued for five years ; by the profits of 
ten lotteries ; by the composition for main- 
taining French prisoners; sale of French 
prizes taken before the declaration of vvar 
in 1756; and other extraordinary receipts^ 
amounting in all to above eight millions. 
l^Ynsfund, therefore, did not pay off more 
than two millions and a half, the rest of 
its produce having been employed in bear- 
ii^ the expences of the peace establishment, 
which, during that period, were not niuch 

* These deficiencies have had two causes. First, the 
UoproductiveDess of some of the new taxes : and, secondly, 
the commencement of the interests of the loans before the 
new taxes could be collected, the payment of which in- 
lerests, therefore, fell on the Sinking^ Fund. 

less 
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less than doTibIe't<^ what they bad beftiift 
any former period. 

* To die sum just motioned, ^dd three 
imllions paid off in the peace between 
1748 and 1 756> aiid three milliohs paid o^ 
m 1736 and 1737> and it will appear tha£ 
the whole amount of the public debts paid 
off by the sinking fund, from its first aliena- 
tion in 173S> to ^e commencement of tbe 
American war» is only, eight millions and a 



It has been said, that when money i» 
wanted for defraying public expences> it 
makes no difference whether it is obtained 
by diverting the sinking fund^ orby a«ew Wiant 
I hare taken notice of this fallacy in page 2Q7 .- 
Jdoney in a sinking Jund, if neyer alienated^ 
is improved, I have shewni, at eemp^fsn^ m* 
Merest ; but, when procured by a loan, beara 
aoly simple interest A natioau there&re» 
whenever k applies the income of such a 
^^md to current expences rather than the re** 
demptloo of its debts, chuses to Jose the 
ben^t of coeapoBnd interest in order tt> 
arroid paying simple interest ; and the losa 
in tfaia ease is equal to the difierence between 
the incnease of money at compound aod simr 
pie interest. The following calculation will 
rtiew whart this difference is. 

One penny put out at our Saviour's bir'tfi 
to five per cent, compound interest, would, 
in the year l?Ql, have increased to agi^eater 
sum than would be contained in thb££ 

5 HUNDRED 
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HUNDRED MILLIONS of earths^ all solid 
gold. But» if put out to simple interest, it 
would in the same time^ have amounted to 
no more than seveit smLLmos and six* 
PENCE. All govemments that alienate ^iu2s 
destined for reimbursements, chuse to im* 
prove money in tht la§i xatiktr than the^nf^ 
of these ways* 



. » 



aDDITIClTiliX 






(316) 



I 
;i - ( 

, 1 fr '• '. 



> ADDItlONAi;. OBSERVATIOifS, 



U^ *. ... TflE.EDITCXR. 



X HE preceding account brings down the history 
of the Sinking Fund to the time in which the 
fourth edition of this work was published. It was 
the intention of Dr. Price in the fifth edition to 
have given an account of the new Sinking Fund 
which had been established in the year 17B6; 
bat^ while engaged in preparing that edition^ he 
was seized by a disorder which soon terminated in 
his death, and put a final period to that and all 
the other additions with which he meant to im- 
prove the present work. — ^Being anxious in some 
degree to fulfil his intentions as well as to render 
justice to his memory, I published in the follow* 
ing year (I79^)j an account of his writings on the 
public finances, with a view principally of intro- 
ducing the subject of the new Sinkings or Con- 
solidated Fund^ and of noticing the great, though 
unacknowledged assistance which the Minister 
had derived from his councils in the formation 
and establishment of it. 

That pamphlet has long been out of print, and 
as X am uncertain whether I shall ever publish an* 
other edition, I know of no better method of per- 
petuating my* original design in writing it, as well 
«s'of vBuppfyiog, (though very imperfectly), what 

Dr. Price 
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Dr. Pride was prevented from aoOotDplishing^ than 
by iDBertiiig. tJie fpUowing chapter) which CQntaina 



iportant 
work* 



1. 



An Account of three different Pbtmfor redeeffting 
the National Debt, which were formed by Dr. 
Price in the year \*IS6, iand communicated by him 
at that time to Mr. Pitt, the Chancellor of thi^ 
Exchequer. 

Thr measures whidi had been recotpmended in 
the King's Speeqh dutii;ig th^ administration of 
Lord Lansdown yrere too little regarded by hi$ 
immediate successors. The same destructive plan 
of borrowing money was adopted in the year 1784j 
which had been invariably pursued for the ten 
preceding years^ and a needless addition was made 
to the capital of the public debt of near five 
millions more than the sum advanced.' When 
Mr. Pitt returned to power, the loans, which were 
still necessary to discharge the exp^nces of the late 
war, were conducted upon better principles. The 
plan of borrowing at a htglx rate of interest, which 
had been so often, recommended by Dr. Price a^ 
the best means q£ fisicimating the redemption of 
the debt, was now adopted, and almost the whole 
of. the Navy, Victualling, and Ordnance arrears 
were funded in a stdclc bearing an interest bfjSt/e 
per cer^t^ Ih; the year 1786 this im(iroV;ement id 
the method pf bprrowing was succeeded by others 
of greater importance. The publip accounts were 
thrown into new order; the former divisions of the 
taxes into fojar classes under the names of the 
Aggregate, the So%tih Sea, the General, and the 
Sinking Funds, were abolished^ and aU included ia 

one 
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4me /bud catiiad th« Consolidated Fknd. Tht snr. 
plus reniMning^ after de<htcting from the whole of 
tibe taxes tdm ooDsolidaied all Che expences of th« 
public debts and the Civil List, correspond with 
i;<^bat was formerly called the Sinking Fund* Out 
of this surplus a million annually was appointed 
hv Baritavnent to be apfdted to the gradual dis- 
oyrga of the public debt ; and it was only what 
reflDaioed of it after this deduction that was to be 
disposable for the exfienoea of the peaqe-<stah]ish* 
inenf.-«-This was undoubtedly a very important 
itoeasure^ and well deoprvjng the praise whid) the 
Minister assumed to himselt as rtie author of it* 
!^dm a, slight peru^l^ however^ of the present an^ 
lof the other works of Dt. Pricts, it wiil be readily 
seen that this subject had long engaged his att^n^ 
lion, and 4i)at the nation is indebted to him alone 
ibr the first idea, of the measure, and for the very 
method in which it ha$ been carried into execution. 
Had Mr. Fitty therefope, derived his information 
only from those works, he would have had but 
little claim to the lofty pretensions which he made 
on this occasion ; but it will appear from the fol- 
lowing account iihat his obligations extended much 
further, and that the hope which he expressed in 
Jthe House of Commons of '^ having his name 
*< inscribed on a Pillar.^ Public Credit, as its 
^ preserver and restorer,** afforded no very equi- 
vocal proof that his vanity and amfuifon were equal 
at least to his merit and nis p-atitude. 

On the 8 th of January, 1 786, Dr. Price re- 
ceived a letter from Mr. Pitt^ of which the fol- 
lowing is an extract : 



'^ Dear Sis, 
The sul^t 



« will. 






4€ 



He 
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^ wiH^ I an tare/ b« an spologf far tfaft tiheiif 
^^ I take in troubling yoy^ oiid ia rtt^^beatiog your 
*^ opinion upon tbem» When yon h«ire li^ 8a£- 
^ feitttnt leiMre to consider thdm, ( . should i» 
greatly obliged to you, if you vdll aUow aie to 
hope for the pleasure of seeing you at any tine 
^ that is cmivement to you. — ^Tbe situation of , the 
reveiyie certainly makes this 4ihe time to ^eatft*' 
Uisb an effectual Srnking Fond. The genend 
^ idea of converting the tkreepercenti. intoafiind 
bearing a higher rate of interest, with a view ta 
fecilitate redemption, you liave on many ooc^p* 
** sions suggested, and partioulaijy in the papera 
^ you were so good to tend tne lait year. The 
^ rise of the l^ocks hau made a material changa 
^ since that period, i and I -am inclined to thi^ 
^ sometliing like the plan I now send you maf 
^ be more adapted to the present circumstatteea. 
^ There may be, I believe, some inaccuracies in 
^ the calculations, but not such as to be very 
^ material. Before I form any decisive ofttnioOt 
^ I wish to leii^n your sentiments upon it; and 
^ shall think myself obliged to you .for any iiiw« 
** provement yon can suggest, if you think the 
^ principle a right one ; or for any other pmposal 
which from your knowledge of the aal]j|ect you 
may think preferable.*' 



cc 



By Che plan inclosed in this letter, which Mr. 
Pitt intended to have established for reduci^ the 
national debt, it was proposed that )07^nitllfqm 
of the three per cents, should be converted into 
744- millions nearly oi five^per cents, by changing 
each if 100 stock in the former^ which bore an 
interest of 3 per cent, into a cafMtal of £6q..,}0s^ 
in the latter, bearing an interest of jfil3»..9^..6(/. 
'this would have produced ^n additional eapeoce 

of 



n 
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of JlsiOfiOO .per avamm nao-tyy which wid tcf 
have been deducted from the miUion surplus wm 
tended to be anniially applied for the purpose of 
redemption ; and the remaining sum' of jf 490,00a 
was to have been employed in discharging the 
prmcipal of this^ue per cenL stock. 

The whole of this plan seems to be founded on^ 
a principle which Dr. Price had often publicly 
enforced^ and which he appears to have repeated 
in his private communications to Mr. Fin. But 
surely no principle could be more grossly mis^ 
applied If a judgment were to be formed of the 
efficacy of a conversion of stock in redeeming the 
public debts from its feeble operation in the pr(N 
sent instance, it might well be concluded, that 
instead of quickening, it retarded the progress of 
redemption : for a million annually applied in thia 
manner would not have discharged the 744- miU 
lions of Jive per cent4 stock in less than 44 years-, 
or in a* shorter period than it. would have dis^ 
charged 1074- millions of the three per cents, at 90^ * 
lathrt^year 1786 the three per cents, were between 
69 and 70, and therefore had this scheme been 
carried into execution, it would have been at« 
tended with the same disadvantage to the publio 
as if 20 per cent, had been then paid on the pr^n* 
cipal, more than the market price. In delivering^ 
his opinion of this scheme Dr. Pnce very strongly 
urged his objections to it, and Mr. Pitt appears 
from the following letter to be impressed by hi|^ 
arguments. , " 

» ' 

Holwotfd Hill, Jan. 1&, 1786. 

« Dear Sir, , 

■ ' « 

I am much obliged to you for. the observa^ 
tions you have been so good to send me oh the 

" papers 
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papers I troubled you with. . They appear to 
me on the whote very convincing, I shall 
think myself much obliged to you^ if yea 
would do me the honour to call any morning 
after Tuesday next in'Downing-street^ when 
you have done with the paperis. And if it 
should be in your power to let me know the 
day before, and to fix an es^'ly hour^ I xan ..be 
*'. certain of being at leisure. The reason of my 
^^ making tliis request^^ is^ Uiajt I think somQ.points 
'^ may occur which may be. better explained in 
^^ conversation than by writif^^^ and I anx anxious 
" to avail my Self to the utmost of your assistances 
*^ where it may be so material. I am, dear Sir, 
^^ with great truth.and.esteem, 

'^ Your most obedient and faithful servant, 

«W. Pitt.'' 

t ■ 

In consequQice of the interview which Mr. Pitt 
had requested in this letter ; he was at length so 
far convinced of the weakness and insufficiency of 
his plan as to throw it entirely aside, and Dr. Price 
was induced to cQPfi)uaicate to hini the three 
following plans of his own. 



) . 



Vol. I. Y PLAN 
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PLAN I. 



MiUkm per am. Surplus aided by the fidling ifi of the 
Temporaiy Annuities^ Li£e Annuitiea» Ezpencet of 
Management, and converdog sixty milliODs of the three 
per cenis^ into four per cents* by providing in the first 
five yean j^GOO^OOO per ami. for paybg the difference 
of Interest. 



\ 



FuMP. Stock nKDUBMSD. 

3 per Ceali. ndcoMil. 

Surphts lfi00fi009t7S • . . . 1^38S,S3d 

Received in^ Ikchaoge 

for six millions of three 

per cents, converted ^ 

into 4 per cents, at 18^ 

percenL...: ' l,lOO,O0Oat 75 ....1,466^666 

Inteiest of jfl»3S5,SSd 

and ^1,466,666 ........ 84^000 

Eq>ence of management 

at 5624 ]»er million 1^75 

Short annuity for ten ^ ^ - 

veanhpsed 25^000 ^ 

liie Annuities hipsed, at 

jtSOOOpcrann 2^000 

Mani^ment on the Short 

Annuity ..« •••• S51 

Received for 18 miUioos 

of three per cents, con* 

verted mto four per 

cents, at 80 per cent. • • (S^600>00O)at7S • • . .4^615^84 

One 
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Fund* Stock axosbmbb. 

3 per Cents, rcdeenrd* 

One year from the first 
payment M 12^926 at 78 *.«. 1.426^2^8 

Interest of ^£^4,615^384 
and jf 1>426^828 18l;266 

Expence of management . « . . 5,61 1 

Im Annuities lapaed 2^000 

Received for 12 millions 
of three per cents, con- 
verted into four per 
cents, at 20 per cent. . . (2^400,000) at 81 • . • . 2^962^62 



Two years from the fint 

payment . 1^299,808 at 81 .... I,€04fi95 

Interest of j£^962;9G2 

and if 1,604,895 187^029 

Expence of management .,..^,588 
Life Annuities lapsed 2,000 

Received for 12 millions 
of three per cents, con- 
verted into four per 4perCeiitfc r«I««ea. 

cents. 9X20 per cent. . . (2,400^000) at par. ^400,000 



preeyears..^ ; 1,441,400 1,441,400 

Interest of ^^2,400,000 
and jf 1,441,400 158,856 

Expence of managemeht 2,160 

Life Annuities bpsed 2,000 

Received for 12 millions 
of three per cents, con- 
verted in four per cents. 
9X20 per cents ^2,400,000) 2,400,000 



■, 



2 
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Fund* Stock rbdbbmsd. 

. .\ .:::•. I' 4 per Gbits. itdccned. 

. je £ 

Four years 1,599^16 1^599^216 

Interest of je2j4eOfiOO t lit v.! ^ :j. ' ^ 

b,Wirftt,599,gW^ ;^1.. . 169,968 
Expence of management .... Sl^SSO 
Life Annuities lapsed., V. J. .-, ^ 2|000 
Exchequer AMnmties lapsed • « 5€y8M 



\ 



» • * • 



•^^■•an**- 



/ 



Fiveyears 1,819;684 1,819,684 

Interest of J^1^19,684 .... 7i2,78f 
Expence of management .... 1,023 
Lire Annuities lapsed 2,600 



I .aiit. ■ » 



Six years 1,8955494^ 1,895,494 

Interest of^l,895,494AW. •75,820- . . * -1 : 

Expence of management i > .• . .• 1,066 
Life Annuities lapsed \ . . ,v . . . 2,000' ' 






^^•^^•■M***.* • 



• r 

1 « ' i. 



\ :o 



6 per Omfii. redeemed a< -par. ^ 

Seven years. •••,.,...•.. 1,^4,380 . 1)974,880 

« 

&c. &e« 



it * 



/ 
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FmBB RbVBNUB. StOCU BnOBBMU. 

In 25 years after 
the firrt pay- jf jd 

went 5,190^931) , ; !3/|(4^ three per cents. 

52,959,9»0 four per cents. 
♦ 19,953,649 five per cents. 

In SQ^ywrVrJlftor . kv\ or^-. .i> k 1. ,: « i4f!;j r.rM ' i 

"^^'^^ 6,345,566 , , 18,409^? .A^p,^ 

81,1 28,473 four per cents. 
19,953,649 five per cents* 

Total j^l 14,491,991 

the first pay- 
ment ...;.. i . ;^51 1^358; ; 35,633,625 three per cents. 

1*3,074,916 four per cents* . 
' « '• ^ : ;;- 19,^d,'M9 fivei5er'<5ctiti: '"^^ 

TotdI'iiPl48i662,190' ^ / . 

In 40 years after •■ '*«' ^''^ '■ '-/ ' '- 
the first pay- ' ^^ fc>:.i«'nn/. 

mcnt 8,731,5**. .'75^557^08 flitei Ji^f WiJ^'" "^ 

93,074,916 four per cents. 

19,953,649 five per cents. 

Total,' i?i86^85,8j^ ' / ' / ; ; ' ',; , J 

*••♦ ■' 

• In thU piso 25 miUioiiB of stock are paid pff id Mvea yean. Th- 

-rtfT ?^" Z'^*^?''*^ "^J^^* wdeemaWe at par, and tfaeSrhole deM 
in that stock !« discharged at the end of 15 yean. From that period the 

In^illillS J * yf^i ^'?? '^Wfh tiifethe («i;«<»|»«r e«ili..eoBtlniie.:. -. 
tobtitdccnledatpartfurtB«t!,e.reiaaindwpftlietrrm. ? 

PLAN 
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PLAN Ui 



MOIurn per amtum SarpIuSi aided by die frlliog in of die 
Temponry AnoaitieM, hlife Annuities, Expenoe of 
Mapygrment, and j^&OOflOO per ann. added to the 

' Million Surplus bj new Taxes, or Savings, in ibe fiist 
five Yean irithout ConversionB. 



Fund. Stock wMDwamn. 

8 per Ccati, ftdcoBcd. 

Surplus 1^00(^000, at 75 ... . 1^33,333 

Interest 40,000 

Management JBO 

Annuities lapsed 25,000 

Manageooent on those 

Annuities 351 

life Annuities Iqised «.«•••• S^OOO 



mm 



One year 1^068^101, at 78 .... 1,369,360 

Interest 41,081 

Management 770 

Life Annuities lapsed 2,000 

Additional tax* ^.60,000 



« Ike adSMoBil laxtt have been iBtrodieed Into tbb Tabk • yew 
too lale, by naldl the Fe»d lotei the interest of £M>fiO0 for • year^ 
thai Isy ^84,0C0| which > jold hare oiadr the free reYenue, after 40 
yean, abont if 4000 more then It to by thU Table, Aad the total of Stock 
vedeeawd la the naie tiiM aboat 4^100,000 freatcr. 

Two 
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FuNP. Stoce rbbab^xd. 

Two yean I,171,952,at81.... 1,446,854 

Interest 43,405 

Mamgement 814 

Life i&nuities lapsed ..•,••.. 2,000 
Additional tax 1 80,000 



4 per Genu, rcdeened* 

TbraeTean ,. 1,898,1 7 i» at par ...1,398,171 

Inteipt 55,927 

Management 796 

Life Anilities luiaed 2,000 

Additional tax 120,000 



Four years 1,57«,884 1,576,884 

Interest 63,075 

Management . . « 887 

Life Annuities lapsed 2,000 

Exchequer Annuities lapsed 56,250 
Additional tax 120^000 



Kve yean 1^19,096 • . 1,819,096 

Interest 72,763 * ' 

Management . . • . • 1023 

Life Annuities lapsed 2,000 

Additionaltax 120,000 



Six yean 2,014,882 • . 2,014,882 

Interest 80,595 

Management . • .^ 1,123 

Life Annuities lapsed 2,000 



Seven yean •••.. 2,098,600 •••,•..• 2^098,600 

In 
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Frjsb Rbvbnite. Stocks aKBEBMSD. 

• * ^ £ 

In 25 yean . • . 5^1 2fiTti . . 21,258,225 three per cents. 

- 32.769,418 four per cents. 
.. If... J ^ « ♦19,968,691 -five per cents. 



' "I ■ . 1 



Tbtal ^7d>996^ad4 

In ^0 years .... 6,069,^09 . . 48,983,157 three per cents. 

. . 32,769,418 four per cents. 
19,968,691 five pert^ts. 

i : ;T^tel ig*101,^21,266 • 



•4^^ik.k 



■ • ■ 



■ * 



In 35 years .... 7,060,130. .•81,(366,874 three pir cents. 

' ^ ^'- 32,769,418'fWr per cents/ 
•^ : <9,968,6^1' fi?e per cents. 

Total jf 133,996,983 

In 40 years .... 8^206,999 >.;H 8,784,226. three pa cents. 

7" - ' 32^69,418ibur pbr dsfits. 
I H J.L 19,968,691 ire pci* oents^ 

Total ^^1711,522,335 . ^ ^ 



• A4 tlke«aip)ni^oo of |3 yian 9fi8D»180,S55 iotha/Nir pw-ums, and 
4,974,151 Stock in the 1kreep«r emit, are paid off. From, this period, 
theiefore, ihe Jloe per omte. become Vedceinable. Th^e are all dis* 
charged the begioning of jibe 90th year, and iif two-y^art more the re- 
maioder of thejfour pw ceni$, ii ted^emed* . From wSSd year thefAree 
jNVdMtff. are |iald off at par, t#.|hR end of the term. 



• ■ • 
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PLAN ilL 



1 ..' 



Million per aftnum Surplus, iiided only by the fiilling 
in of the Temporary Annuities^ life Annuities, and 
Expences of Management. 

• • T/^ f ' .••'••' 

I ' '«•! I . • • • 

. ..... • . . • ■ 

Fund. Stock .REb££MVD. 

3 pM* Ceoti« redeemed. 

Surplus 1)000,000, at 75 ... . 1,333,333 

Interest 40^000 

Management*.... ^. ;/.{.. .7^0 . . . 

Ten Years Annuities lapsed . . 25,000 
Life Annuities lapsed ..•,.... 2,000 



t 



■ta 



One year 1>067,750, at 78 ... . 1,368,910 

Int^est V 4 .•••.••• • 41,067 • 

Management .'. 770 

Life Annuities lapsed •••«.•••.. 2000 



% . 



Two yean • . . 1,111,587, at 81 ... . 1,372,329 

Intere^M •!• J. .... «. ......41,170 

Management •....,,. 772 

Life Annuities lapsed 2,000 






» 



* Sioee these Tables were cmnpited, the expeneei of managemeiiC 
have been reduced to a£450 per miUion pet ana. ; bat the diferenCe thit 
makes in the resulU b too incontiderable to desenre notice. 

. ' .1 Three 
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Fund. Stock badsbmui* 

Three yean l,lS5^29»at par . . • . 1^155^29 

Interest 46,221 

Management 650 

Life Annuities lai«ed ..•.#... 2,000 



Four yean* 1,204,400 ^.1^204,400 

Interest 48,176 

Management • 677 

LiflR Annuities lapsed 2000 

Exchequer Annuities lapsed . , &6,2$0 



Five years Ifi] 1,503 1,311,50S 

Interest 52,460 

Management 738 

Life Annuities lapsed 2,000 



Six years 1,366,701 .., 1,366,701 

Interest 54,668 ^ 

Management yas 

Life Aimuities lapsed 2,000 



Seven years M24,138 1,48^,138 

&e. &e. &c. 



^ AH tkc redemptioni in tkese pUoi, afler tht ifit titfee yean* turn 
isppoard to be nailcat par. Excbeqncr AoniiiUei, uiovntiDg to ^80,000. 
fell to the f«iMl in the 80ib ycv, add ^404,532 jmt mm. Cbciag Uie 36 
yean annolCy) in tiM 88d year. 



Febs 
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Fees Rbvxnub. Stocks redsemjbd* 

In 25 years » . • • . 3>892,831 . . 4,074,572 three per centi. 

30,.''.iiO,2i3 four per cents. 
18,039,875 five per cents. 

Total ^52,504,690 

In SO years 4,579,731 . . 2U05f>ar7 three per cents. 

34,283,074 tour per cents. 
i8,0ij9,875 five per cents. 

Total 4^73,379,126 

* 

lo 35 years 5,330,252 . . 45,416,595 three per cents, 

34,2aH,074 four per cents. 
18,0.19,875 five per cents. 

Total j^97,7.^9.S44 



^mm^mm 



In 40 years ... . 6,196,104 . 73,747»452 three per cents. 

84,283,074 four per cents. 
18,039,875 five per cents, 






Total ^126,070,401 
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EXPLANATIONS ANI^ HEMARRS; ^ 
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DR. PRICE. 



*' IN the first of these plans the three per cents. 
are supposed at 7^1 ^nd the difference of priqet ,, i 
between them and new ybuV per cen^i. supposed to 
be VMde JirsL redeemable when under par, bat 
tVredeemable when above par till 6o millions of 
other stocks were redeemed, is reckoned at Iftf.— * 
The market difference of priqe. between the presisnf ,i 
four per cents, redeemable at pleasure, and the ' 
South Sea three per cents, when this plan was 
formed (the latter being then at 68) was above 20. 
Was it not reasonable/ theref^rfe,^ to expect that 
the holders of these annuities would eagerly have 
taken at 18-^ per cent, an exchange of them for 
such new four per cents, as those just described^ 
and therefore much more valuable ?'* 

" ^18. . . 6*, . . 8d. for every 5^100 three per 
cent, stock converted into a four per cent, stock 
would have produced just ^1,100,000 for the 
conversion of six millions. ^20 for the conver- 
sion of every ^100 stock would have produced 
^1,200,000 for the conversion of six millions.*' 

'^ This conversion was taken in the first plan at ' 
1 84- per cent, the first year, and only six millions 
were supposed to be converted, and ^1,100,000 
then gained for the fund ; because the first year 
was supposed to be a year of experiment only, and 

i therefore 
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therefore, more liberalj terms weresippposecl to te 
pflfered..--^hould the experiment bave suoc^ea^ 
*aijd the difference of price between the tljT^ per 
cents, and the n^w four per dents, haye ,ri^n 
jahove ^20, ,.the former being iibove 75, a.con- 
Version might' have been offered the second y^uj, 
s^t 20 per cent* of 18 millions into four per cenis. 
pot redeem^l)le till a larger amount of stocky 
should have been previously redeemed ; and after- 
wards in the three following years, a third, a 
fourth, and a fiflh conversion, at the same pric^ 
of twelve millions each year. as specified in this 
plan, the amount of stocky to be previously re- 
deemed to be increased every successive year ; in 
consequence of which t!he last 12 millions wouljC^ 
without any effect on the efficiency of J:he 'plao, 
have come to be declared the last redeemable of 
"IbS millions/* . T 

^/ ^^ iShould the Stocks have risei)^ as is suppose^ 
\n these plans, greater sums than these .specified 
would probably have been gained by the propose^ 
conversioils, and therefore the results in the firsf 
ptan increased, — ^There were advantages, not imr 
'mediately appurent^ which would have been gained 
by these "con versions. — ^First, the public would 
have availed itself by them of the want of con- 
fidence in a plan of redemption which must more 
or less have taken place at first. For the less the 
public confidence had. happened to have been, the 
greater would have been the effect of the regulation 
proposed in raising the value of the new four per 
cents, and consequently in g^niog money for the 
fund." 

'** Secondly, it is particularly worth attention 
that U would have diminished the loss that might 
I^avje, accrued from an interruption of the scheme, 

should 
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jAxoviA an interruption have . happened after 
^600,000 per ami. had been added to a million 
surplus for carrying on the scheme* Should^ for 
instance^ the scheme have been interrupted in the 
seventh year of its operation, and after the fund 
had increased, according to the first Table to 
^l»974,380and redeemed 25 millions, and, by 
the 2d Table, to ^2,098,600, but redeemed 
only eleven* millions; the public would have 
. gained, by the measure of conversion, the excess 
of the interest of ^7 millions above 13 tutllions; 
and, therefore, the addition of ^^1)00,000 per amu 
to the fund in the first five years (which both the 
iSrst and second Table suppose) would have been 
nearly replaced, if the' plan in the first Table bad 
been adopted. Two advantages, therefore, would 
in this way have been obtained. — 1st. The advan« 
tage of a redemption of fourteen millions more 
than could have been redeemed by the plan in 
the 2d Table. And, 2dly, the advantage (should 
the scheme have ever been resumed) of having 
had 60 millions of four per cents, to be redeemed 
by a Sinking Fund^ instead of 60 millions of three 
per cents, and consequently a much more easy 
and rapid course of redemption.** 

<< At the end of the 40 years it is to be ob- 
served that the plsn in the tirst Table would have 
redeemed 188|. millions, and the plan in the 
second Table 17H niillions; but that even in the 
first y?>ur years the first plan would have redeemed 
in the same time only b\ millions, and but little 
more than the plan in the third Table. This 
pointed out a farther and a very considerable re« 
commendation of the first plan, and that was, the. 
particular vigouf with which it would have ope- 
rated at its outset, when vigour was most wanted^ 

and 
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and w^d consequently have brought the^i;e per 
cenis/iiiXo a course of redemption in six years, 
which would not have been done by the second 
plan in less than 13 years, nor will it be done b/ 
the third (which is now carrying into execution) in 
less than l6 years."* 



Such werethe observations and arguments orged 
by Dr. Price \Xi favour of the first plan. But the 
.Minister chose to adopt the third and the weakest, 
from an apprehension, if he adopted either of the 
two other plans, that he should be obliged tp 
load the country, in the course of five years, with 
new taxes to the amount of half a million. Happy 
had it been for the nation if he had always enter- 
tained the same apprehensions. -— But he soon 
threw off tifxy anxiety, of this kind, and in 
a much shorter term tnan five years had very 
litde hesitation in creating new taxes to the 
amount of ^800,000 per annum, for purposes ill 
calculated to assist the operations of the Sinking 
Fund. 

From the inspection of this plan it appears that, 
with the aid of the temporary annuities, the ap« 
propriated million will in 26 years increase to four 
millions per annum, and redeem above 56 millions 
of Stock, and that in 40 years it will increase to 
more than six millions per annum, and redeem 1 26 
millions of Stock. — But it was directed by a clause 
in the Act of Parliament which established this 

f^lan, that the accumulation of the fund should be 
imited to four millions a year, and consequenUy 
that the operation of compound interest should be 
changed into that of simple interest just at the 

time 
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^^time Xyhen'it vl^ould have redeemed a greater por- 
. tion" of the' debt in the next 14 years than it had 
' done in the !}6 preceding years. CoiiipalreB^ 
vhoi^pever, \*ith what Mr. PiW first intended to 
have established^ .it deserves respect ; and tl^ough 
enfeebled and mutilated by his alterations; it cer- 
tainly was capable of having done much in re« 
lieving the country from the pressure of its 
burthens. But the public debts have increased 
aince its establishment in a dd^ree so enormous as 
•to l"ender it now a matter of little conseouence 
what plan the Minister may chase to ^dopt;'f6r 
•theit* redemption. 

The following statements exhibiting a view of 
the national debt in the year 1786, when the 
Consolidated Fund was first established, compared 
with -its amount in 1802, afibrd but little en- 
cotlragement to hope, ftoiifi the directibn in which 
•Mr. Pitt 6nd his successors have proceeded in their 
^managenrtentof the fihances, that the redemption 
<Jf the public. debt is Hkely to be soon accom- 
plished, unless it be by a process whose operations 
are very different from those of compound interest. 
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Aimmi of thsY^ffH^ki^ Dnf in the yeot 17I6. 

131,202 EJccliequ^r AnMitfes for 8 and 
22 years then wor<h &t 5 per 

cent. 1^359^000 

25,000 Bank A&nuit(e9 /or 10 years Do. 88,500 
82,^7 Life Anouides, taken ftt 10 yean 

pufbhftse $23,170 

680,375 Bank * Annuities for 'J6 jtats, 

theft worth at 5 per <ient .... 13,274,1 17 
* 4M,382 Do. for 24 years Do 5,579,781 , 
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1,^23,228 Life and Temporary Annuitia, 

then worth 21^124,568 

Stock In the 3 pei^ cent. Bimk and South 

Sea Annuities 187,611,254 

Dittd to thit 4 per cent* Consblidated Bank 

Antmitles ' ; : 3 2,750,000 

Ditto m th€ 5 per cent. Bank Annuities .... 17,869,998 

Whole capital of the Funded Debt . . jf 259,355,815 

The annual Interest and otfier chaiges payable ob ac« 
eount of this debt was stated in the Report frosa the 
Select Committee of the House of Commons, to be 
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Ammmi rf iU Fuiobd Dsttla Apnl IMtt. 
if80^22S per ann. Exchequer AnnuiQesy ^ 

expirlq^ in S» 4^ and 5 yeacs^ . , 
. worth in present monev* • , • • 207>0O2 
life Annuities granted chiefly before the 
present reign, and amounting to ^£^75)4^2 
^ per iamuni^ vali^ed nt 7 y^n purchase ... S28^4 
Annuities with benefit of Survivonj^jp a- ' * 

mounting to ^540i p^ iomm ..•>.... , . IS^OpO 
£43&fil^ per annum Bank Annuities, ex- ' 

piring in 1808, now worth.., 'S^G^^OO 
J^l^OOl^555 per annuih t)itto, expiring in 

1860, now worth., .22^521^09 

I. " 

Present value of Life and Tenip(»ary Ann\ . f^Jb\\fii& 
Stock in the three per cent. Perpetual An- . 

nuidest. •....'.....:,'466,«4,587 

four per cent. Ditto' .. \ . .*. .^ I '49,4li5,085 

Jive per cent. Ditto . . •...*. .'. - So.47d,6s» 

Borrowed on a Tontine in 178? . . ;';... I . ; * T,002,0»^ 






593^09) ,4^6 
Deduct the SMdc redeeqied by tfce'lSkiktng*' ' ' 

FiHid ; ;. . .... «S J8d;»()4 

•1 ». . .1 • * 

I ' - T 

Imperial Loans, Stock in the 

3 per cents, unredeemed .... 7> 193,906 
«gf 230,000 per ann. for 18 years 

worth 2,931,120 

. .10^125,026 

Unredeemed Funded Debt of Great Britain jf 543,627,578 

• The values of theie 8d4 the AdtowinfaaMltiei have bceo <»Mpirte4 
wAfemr p€r etni» and on the nipyoiltloB that they are payable kM^'ifem-^ 

f Of this atoek ^918,001,148 are ftated to be redeemed by the «le of 
the Land Tax t bat wbUe that tax b aoDoaUy takea la the " Ways aad 
Maaat" at the woal sam of two nillioni, it woald be ai abiiird to 
dedact Che stock thas redeemed from the amount of the pablic debt, a» 
it wottM be for a person who had sold his estate to eantloae reckoalnf. 
the prodace of it as a part of his yearly income. It has, indeed, of late 
been the castom to designate this tax by a different appellatioot and to 
call it a *« tax of 4«. in the pound on pensions, places* &c.** leariog the 
word Amd entirely out of the accoant. Bat sneh sabtcrfiBfei are too 
contemptible cf en for those who have reeonoe to them. 

la' 
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In the year 1716, when Sir Robert Walpole 
undertook to redeem the pabltc debta^ they did 
not much exceed the sum of 46 millions x But 
during the course of 22 years accumulation and 
redemption proceeded with such equal pace, that 
in December 1738, when the produce of his 
Sinking Fund was wholly alienated, those debts 
amounted nctirly to the same sum with which he 
commenced his operations. In the year 1780, 
when Mr. Pitt engaged in a similar process^ the 
profusion of his predecessors had so far exceeded 
their economy/ as to increase the public debts to 
2f 9 millions ; but in less than 16 years from the 
establishment of Ai# fund, although 60 millions, 
nearly had been redeemed in the mean time, 
tiiose debts had swollen to the enormous sum of 
543 miiltons^ and the anaual expenditure necessary 
to prcndde ftnr them amounted to such a sum as 
would have been sufficient in two years to dis- 
diarae the whole debt when the first Sinking 
Fund was established by Sir Robert ff^alpole I 

It should be observed that, in addition to the 
million appropriated to the redemption of the debt 
in 17361 the sum of jS200,000 was annually 
voted by Parliament for the like purpose, and that 
these sums, assisted by the temporary annuities 
which have expired . since that period, had re« 
deemed 40 milliooa nearly. The remaining 20 . 
millions have been discharged by another Sinking 
Fund established in the year 1792, agreeable to 
|be plan recommended in the preceding chapter 
of this work;* the design of which was to pro- 
vide that ^' in all future loans, £ 1 per cent, on 
the capital 4)orrowed should .be applied auRuaUy^ 
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tofnttiitt ^ih die accoiiidattng interest, 'to fhe 
tedemptfea of that otpititid.'* In consequenoe oi 
t1)e unprccedctileri eipenditoreof tke last var, the 
^ , aniwsl amoiint of that fund^ esoloshne «l. the tn^ 
trre^t jou the stock redeemed^ eaceeds ^^SOQ^QQO. 
Nor ckioft thi6 Mfm^ great and enormouB at it tnuft 
appear to be, give a» adequate idea of the whole 
eKpenditure of that disattrotts period. The MU^ 
sister finding himself unable to proceed any kai§er 
on tbe syetem of funding, had reooorse durii^ 
tlie last four years to a Tarietj of eoLpedieiits for 
miskig the supplies i each as forced loaDg, »Dhi»r 
tiry contribotioii^ tripled assessments, and ahem 
all'to that aolid system of fitianee, tbe TmM uf^m 
JniXMe^ which Mras to have discharged the ckbt 
t^AtiMt as aoen aa it «v«i oontnieted. . But theses 
\tnatehed eaqpedienis bafing all faikaci, they ^u& 
sucoessively abandoned, and the Monster waa' 
again obliged t^ hSve recourse to the old .system^ 
G^ funding* Hvhioh he had so lately dedkred to 
have been entirely eidiausted. By chaain^ to^ 
oon6de to those expedients nther than to make 
effectual pFOvision for the debt, aetv ^aes be- 
came neces^ry for ife6,445:,oeo funded on 
the credit of the Income T^u Thia iiefaft^ to^. 
gether with j?a»,7ftO^O00 funded ia die year 
1-802) requiring above two mHUans umd,a half per: 
(Mnum to be rmsed merely fo« interest^ it waa found 
iQi^ssible to raise a further sum o£ aflB50gQ0O 
per annum for tbe redeaaption of the debt. Hewe^ 
the nev^ Sinking Fund miUs* abandoned, anl a' 
debt . of S5 tiYiHiortS created without any parti^ 
' cular provision for the discharge of it* In order,- 
li0>vever, to^Gor^le the Mtiofi on relihqujdaiog a 
measure for which the Minister claimed so much 
credit to himself an^ the country, a new expedient 

* " was 



was addpltdk In Hea ^f the t\v& former Sink*- 
mg Siimb a new one vas e8tabK9hed, whadi 
by leasratiig the itieans, was said to have the 
aurprtaing effect of iiicreaT>in^ the powi?r of i^ 
denfPttOti. By thta plan all the debt creaked bo^ 
fore and atnoe the year 1786 was conaoKd^ted, in A 
the sutD^ which were separately applied to ihU' 
dttofaarge of the eld and new debt were united inr 
one aoecnint and applied to the diaohar^e of th0 
wtMt. The som of £200yO0Q annoally voted 
by Pariiacrtent \ti aid x)f the Sinking Fund was alscr 
made; a perpetaal gi^nt for that purpose^ and the 
aocutnulalion is no longer to cease, as in the 
fermer pbin^ when it has amounted t» a given 
aum^ but is &> proceed dvtil the entire redemptiot» 
of the pttbttc debt ia completed. The assiatanee, 
however^ which- the fdnd waa to have derived 
frdnr the falling in of the temporary anmuitiefiy and 
the redtiotiofi of* stock bearing 4 arid 5 pte ceot.^ 
to lower ifiterest ia now withholden from it» and 
the Minister has already anticipated some of these 
Ibtute reaouroea by borrowing money on the le^ 
Tersion of thc^. Biifc notwithstanding thia antnU 
fMition'^ootwitfastaBdiDg thv new Sinking SHiod ia 
tkmrgod with the- payment. o(f 85 mtliidna vMtm 
tiMn the two former onea, our pfoapecta are said 
io be highly improved^ and it is denicaiatnitcid by 
a long series of ooanputattona^ that if the nation 
should be blesi with an nninterrtipted conrse of 
peace, and the management ei its finances be aa 
toueh distinguished for economy as it haa hitberlo 
bfeen for the want of it^ that the debt will be di»Ti 
charged, and every incumbrance removed about 
the middle of the preSenT eetUdry 1 If any ^e 
soothed by such prospects, let them look backr to 
the events of the last century— let them recollect 

that 
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that 40 ytatn of it hflve been consumed in ver, 
and that more than 540 millioaa have been added 
during that disastrous period to the permanent 
debt of the country. With such woeful experi- 
ence of the pasty is it possible to look 'forward 
with confidence, or even with hope to the future? 
While the same passions prevail among the go* 
vernments of the world, must not the same con* 
Sequences inevitably follow ? Can any peieon be-* 
lieve that the present century will be exempt from 
the calamities of the last ; or that in the war in 
which we are now engaged, the enormity of the 
taxes will not render it necessary to mlleviate the 
public burihgns^ by making fresh inroads into 
the Sinking Fund r— Perhaps the Minister will, 
like his predecessor on a former occasion, con* 
sole the country by observing that ^^a few 
years, in the existence of a state are not to 'be 
counted, and therefore that it is of little con* 
^uence whether the bright prospect of re- 
demption shines upon the middle or the close of 
this century •**<— The preseia relief produced by 
tile alienation of the fund will give force to thMS 
debjsions, and in proportion as its operations are 
enfeebled and prolonged, the public will become 
Jess anxious about it ; until, losing all concern for 
the interest of a remote posterity, and glad to 
procure even a temporary relief from the growing 
pressure of their burthens, they abandon it alto- 
gether, without any other prospect of the debts 
bdng terminated than by the utter extinction of 
the credit and resources of the country. M. 
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Note (A). See Question lit Pkge 11. 

MJET E be any given' expectation of Life t' and 

— Y^ X px will be the number of persons alite 

at the end of a: years, aristag from p persons left 
annually as widows (or added annually to a town 
or society) at the age whose expectation is £. 
The maximum^ therefore^ isalwayspB — . In Mr« 
DeMoivres Hypothesis, £ is always \ the difference 
between the given age and 86« See the Note^ p. 2, 
and the latter end of the Note in p. 39* See 
likewise the beginning of the First Essay/ in 
Vol. n. and Note (K) in the following I^otes, 
where the investigation of this rule wilt be given. 

It will not be amiss to give the following ex^ 
ample of the application of this rule. 

At the time of the commencement of the 
scheme among the ministers and professors in 
ScoTLAl^D for making provision for their widows^ 
it was necessary, that a calculation should be made 
of the number of widows that would be upon the 
scheme at the end of every year till they came to 
a maxiniumj'bxVtht supposition that, (agreeably to 
what partid^iiTar enquiry had sheWn to have hap^ 
pened for manjr preceding yearrf,) 20 new widows 
would be left evriry year*. In order to make this 
calculation, let 4 6t the 20 widows be supposed 
to be under 32 years of age when left ; and let 28 
be supposed their mean age. Let the same num- 

* For a term of 35 yetiv and eight months, heing from the 
€X)mmenceiiient of the scheme to the year 1733^ this oomber 
was 19 tV* • • 
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ber be left between 32 and 3g, and let 35 be thdr 
mean age ; between Sp aod 47, and 43 their mean 
age ; between 47 and 57f and 52 their mean ^e; 
between 57 and the evtremity of life, and 63 their 
mean age. The number in life together to which, 
in JO years, 4 widows left annually at the age of 
28 wUl groW| s»j by the rule^ (£ being ng) 

*■ ^j^ ■ X 40, or 3$^5.--^^-*-The naiaber aEve at 

the end 6f lb yeab; will be ^^~g^ X 80, or 60.2: 

At the end of 30 years,, the number alive will be 
8() J of 40 year3, 104,82 ; of 58 years 1 16. — ~ 
QThese numbers, found in the same w^y^ for tlie Od 
class, (E being 23.5,) at th^ end of 10, 20, 30, 40, 
and 51 yenrs, will be 86.7—64.31 — 84.7-^97.25 — 

102 ^For th^ third GI?ss, (E being 2 1 .5) at the 

end of iQ, 20, 30, MO^ ^nd 43 years^, 35.34-^61.4 

— 78a3— 86..^a6 'For the 4th class, (E 

^Ifig J7) ot the. end of ip, 20, 30, and 34 years, 
34.1 1— 5B.47~67r~68-^ — For the 5th class, (E 
beip^.U«5) at the end of 10, 20, and 23 years, 
31.8-^5.2 — 46-^ — ^The. whole number, . there- 
ibre^ consisting of all the classes, will come to a 
maximum near^ in 58 years; and the totals in life, 
at the end of 10, 20, 30, 40, 50, and 58 years, will 
be 173,37t— 293.5^— 364.83T-4pl,67.r-4l8, 

Th^se determinations suppose iK>oe. ^0 many;. 
In 10 years, from 175/ to I767, I have been in- 
formed, ihsii but Q widows married* Xet us then 
aoppose, tliat one widow of the first class marries 
every year; and let aH that m^rry be supposed 
to continue, one with another, 5 years in widow* 
hood before they marry. On these suppositions) 
the foregoing totals will, at the end of the same 
periods of years, be l6g*2i^^2S'i'^a47^-^ 
380.47 — ^394. 

ThVse calculations are made froiij Mr. De 

" Muiures 
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Moivre's Hyothesis. Had they been made ex* 
actly from Dr. Halleifs or the Northampton Table^ 
the results, would have been very nearly the same. 
See mope oo thia sUlgect id flote P^(ft) 

(•) This theotem *» deduced torn a fluxional computt^ 
doo io Not^ ( K) I but k mtf be demooitmted withwt bsvi^g 
reconrse to fliixtQat ip the following maaner; Suppose at 
the Ume. of iMim^ion there were 50 persons aged So years, 
or a aiimbor eqoal to their comcnon complement. SappMb 
9lie the nsam ntunber were added aoonally at the nine aeo 
of 3^. In the rectangled isosoeles^ triangle ABO let & 
( aa BO ) be M 50, or the A 
complement of a life at 86 1^^ 

CD (= DO) be as 49, EP 

( Bs FO ) be ^ 4$, and so on. 
Hence BD will be s I, BP 
=: 2, BH = S, &c. By the hy- 
pothetts of an equal decrement 
of life it is evident that nn* 
der the civcacpa^ncfs of i this 
case the ar^ ABCD, or 
2AB--BD . ^_ .„ , 

the number of annttitant» ^i BDFflK 

the end of the first year i .the area AB£F. or . "j x BV 

the number of annuitants at the end of the 2d year j the area 

2AB-*»Btf ' • 
ABGH, or -^^ x BH, the number of annuifeauu at 

4be end of the dd year» aad ao on. If the tmmber af 

2AB -*• Jt 
years be x, the ttenoitairts living will be ■ ' * ■ )c t, ot 

4E ^ X 
■ ■ ^ ' ; X X ; for AB being constantly s 50« or the com* 

plement, will be twice the expe^tatbo. or 2£.*— *Ai 50. or 
2£, (the) • Bamben of persons admitted annually) ia to 
4E — X * ' " « 

*—^ — X x« (the .number of adonitattli at tha ep4 «f « 

years) lo is any ctiMfr natnbor (/») to*- -*-* X jmt, dieaoni^ 

.' . • . 4ISt , . • I » 

bar of aoQiiitwta in the «ea«9. tim^ ff<im {f») pemeaf.adaeiitiat 
yearly at the zsa whose expectaiiou is K ; and when € beeoipes 
equal to BO (ai Afi an 9£), the munbar ef aibattants wifl 
arrive at iu maximum, and bo coostantly expressed by the area 

>E. aE,a * If. 
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Note (B). Qoestion VL Fage 28« 

XjET r signify the sum of £l and its interest, 
for one year. The value of a Iife» whose 
complement is n^ being (by Mr. De Moivre on 
Jhmuitiesy 4th edition, p. 14, and page 100,) 

!• — !,!• — 2,11— S.ii— 4 o .. . 

value of the remainder of it aftef two years must be 
2^ + S^, &c. which is equal to ^ X ^— X 






Now -^ is the present value of £l due at the 

end of two years. is the probability that a 

life^ whose complement is n, shall continue two 

Tears, and ===- + ==- + =", * 8cc. is tlie 

^ * a^2r ' a-2r« * «-2r^' 

value of a life two years older than the life whose 
complement is n. And, therefore, (since any num- 
ber of years less than n may be substituted for 
two years) the first rule given in this Question is 
right'03). • 
.T* • : The 

'f \^) ^Tbf .rules ip'.tbi9 and the following Note» a^e demon- 
strated tatlier <nore satifactorily, and with equal ease and per* 
^>iCRU^9 . itbm Uie wuk ' prelMbilitiea of lilfe. 

Let a represent the number of persons liylog in the table 
S( thjif ^ <^. Ai SD^^i c« d, €,, Ice. the Bumber living at the 
cnc( of the I'st^ ?d, 3d, 4th, &c. years from the age of A. 
NovntlftGd'tlattlr^ of an annuity on the life of A is known 

^ **^' or '*• flf« ■*■ S5* ^^' ^ vatae:«f ^} aaauily after 
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The same process, applied to joint liv 
monstrate what is said in the Scholium. 



d e f 

two yean on the same life will be = — +— +it-^ kc. 






tbat A livet two jetn, and the leriet — + — + «t-, fc^. 

is the value of an annuity on a life two jean older than J^ 
The fenend rale tbeiefere in the 6th Question is right % fer the 
reasoning applied to this particular case will also apply to^y 
other interna betwe^ the present time «nd the period M which 
the annuity it to ooamenQe. If. 
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Note (C), See Qoestion ViL Pagit 25. 

jLfET the complements of any two assigned lives 
be II Mid m. The pceaent v^oe of the ^t po** 
i^le payment of an annuity ti> be enjoyed by 
the life whose complement is n, provided both 
lives continue 7 years, and the life, whose comple- 
ment is n survives the other after that term, is the 
probability, that the life of the expectant shall 
continue 8 years, and the other life 7 years and 

then fail in the 8th year, multiplied by j:j , or by 

^1 discounted for 8 years. — The probability that 
the life of the expectant shall continue 8 years is 

• The probability that the other life shall con- 



fi — a 



w — 7 



tinue 7 years is . The probability that it shall 

continue 7 years^ and fail in the 8th year is 

^LrJL X 1 - -T| = i . The probability, therefore, 

that the life of the expectant shall continue 8 years, 
and the other lifecontitiue7years and fail in the 8th, 

is X - ; and the present value of the first possi- 

ble payment of the annuity supposed, is-^ x -. 

See The Doctrine of ^nnmties, by Mr. Simpson, 
p. 6 — 15, or bis Select Exercises^ p. 315, fcc.--*-^ 
In like manner, the present value of the 2d pay- 
ment^ 



lilates. 



Miat. 



ment, at tlie end of t he 9th yea r, may be found 






or — -r^X-'.and 



tpbe^'X 

the present value of ^all the possibU; payments. 



ftf^ 






«r 



m 



fH 






But this series is equal to -,- X " ~ - X ^~^ X 



•«»p> 



* m '* *■ % ! ■ " 1 '■ "^ ■»' 



»i— 7r m— 7 It — 7r* 

&c. Now==^r X 



n — 7r « — 7 J» — 7r* « — 7 

isitlie value of an annuity for a life seven yeara 
older than tl)e expectant, after another life sevea 
years older than the life whose complement is m. 
« — 7 ^^ »» — 7 



- X 



m 



is the probability that both the 

assigned lives shall continue 7 years. And ^ is 

• the value of ^1 due at the end of 7 years. The ' 
rule, therefore^ given for solving this question, is 
right. 

This demonstration^ as well as that in the last 
note, is, for the sake of more ease and clearness, 
applied to the hypothesis of an equal decrement of 
life. It does not, however, depend upon it, but 
may be applied to any table of observations (y). 

(y) Let a, b^- c, d^ f, Jl &c. represent the same quantities 

•s in the preceding Note. Let ?n represent the number of 

persons living at \he age of B, and n, o, p^ q^ Sf &c the 

number living {^ the end of the 1st, Sd, 3d, &c. jears from 

fflie age of fi. — By reasoning in the same manner with Dr. 

Price in the solution of this question^ and supposing the fifH 

payment of the annuity to become due at the end of ths 

e P "^ Q dp 

4th year, its present value will be = — x ' — ^ — — -^ X 

J •— — r- the present value of the payment at the end 

'• ^^ of- 
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rf tbcSthyear wmbe «^ X £^ s J5^ X 2-^& 
the present valoe' cf the payment at the end of the Och 



Hence the Whole TduewiB be* j2jx^+^+|j.kc. 



the respective values of aoniuties on the dttgle and jeiof lives 
ef two persoDs 3 jears older duui A and B« and the general 



vahie will become s -^x A- AB.— Q.E.D. 
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Note (D). Question DC Page 32. 

XjET the complement of any two assigned lives 
IM n and in^ and the given term be seven years^ 
as in Note (C). The probability that the former 
life (supposed to be the life in expectation) shall 
last 8 years* is, by Mr. De Moivre^s Hypothesis^ 

-: ;<and the probability .that the latter life 

shall fail in 8 years^ is - ; and the first payment 

of the annuity mentioned in this question, de« 
pends Oh the happening of both these events, the 

pfobability of which is ^^^^^^ X ^. 

. ' The present value^ therefore, of the first possible 

payment of the annuity is — ~ x - .—In like 

manner, the present value of the second possible 

payment is ^I~ X £ ; and of all the payments^ 

1:^ X^ + ^ X 2+iL=^x ^,&c. But 

l-'Lzlx- + ^J + ^. The foregoing se. 
ries, therefore, is equal to the two series^s -7 X 



— s 



xi+"-^x|+i^x|,fcc.»ai 



nr «• • nr"^ m * nr^ m 



n 
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X--:;^xI+"^«X^+=^xI.&c.orto 



nri 



1 11—7 «— 7 n — 8 1 

- X X X =^ X 1 



+ ==rTX 



— 7 n — 7r» « — 7 r* «• 



»-7r* 
11-7 



V=^*^ + ^"-.^ + ==^^ ;> &<5- which IS lh% jFert 

rttic given for soiring this question {I), w wfi! 
appear from Notes ^) and (C)« 

(i) Betalniog tha tasM i^mbolf as ia tfca two f#reec^ 
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Note (£)• See the Schdiam to Quest. X. 

Page 36. 

According to the calculations, the time in 
which the first yearly payment of a reversionary 
annuity becomes due, is the end of the year in 
which the event happens that entitles to it, how* 
ever little or much of the year may then happen 
to be uneUpsed, And^this, Kkewise, is the time 
when a reversionary sum becomes due. Those who 
know how the calculations of the values of rever- 
sions are instituted, "must know this. But an an* 
nuity^ the first payment of which is to bte made at 
the same time i<rith another payment or a stam in 
hand, sufficient to buy an equal annuity, is i^drth 
onia year's purchase more than that sum. For 
instance. Reckoning interest at 4 per cOfii. and r 

being £\ increased by its interest for a year, or i .04 

111 

— h -1 + -J, &c. =s £25 is the present value of 

an estate of £\ per maam for even That is, it 
is the value of it, supposing the first rent of it 
is to be paid a year hence. — If the first rent is to 
be received immediately, or at the same time with 
another payment of j^25, it is worth one year's 
purchase more, or equivalent to 10^.-— ^I have 
not found, that any of the writers on annuities 
and reversions, have attended to this observa- 
tion. It suggests a correction necessary to be 
applied to the common solutions of several im- 
piortant problems: particuldrly to the 21st and 
32d in Mr. Simpson's Treatise on Annuities^ and 
the 26th, 27 th, 32d, 33d, and 40th problems in 
|its Select Exercises ; ai)d to all other problems 
of the same kind in other writers. There can 
VOL. f. A A be 
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be no great occasion for being more explicit. It 
will not^ however, be amiss to add the following 

demonstration. is the present probability 

If 

that a life whose complement i$ n will fell in any 
one assignable year of its duration. ^ X ;^ + "^ 
+ ~, &G. (n), or the present value of £l per an- 

num for n years, multiplied by -, is the present 

value of the sum or legacy denoted by S, payable 
at the failure of the given life. Therefore, (n be* 
ing 56; the life 30; interest 4 per cent, r = 1.04; 
the sum .£25) the value of the ^tpectation^ by 
Mr. De Moivres hyppthesis, is 9.9 IQ. 

Further.. The value of £l to be reqeived at the 
end of a year, provided the life whose complement 
is n fails, is the probability of the failure of the 
life multiplied by £i discounted for a year, or 

l^ILZpi X -• In lil^e manner ; the value of jSl 

n r 

to'be received at the end of two years, if the same 
life fails in 2 years, is 1 — !^ X ^. And, there- 
fore, the value of all the possible payments of an 
estate or.annuity of £1 for ever, to be entered 

upon after the given life, is 1 — X - + t — 
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r"+ I 



r«+2 



w-3 



Notei. 355 

^ &c. that is^ the value of the life subtracted 

from the perpetuity; ot, in this example, ^^14.684^ 
(the value of a life at 30) subtracted from 25 ; 
that is, i?10.3l6.v But 10.316 is to 9919, ia 
the same ratio with 104 to 100^ or 26 to 25, 
agreeably to the rule in the Scholium (J). 

f •) The difference between the valaes of reyerTfonanr sumt 
and reversionary esUUes (which was first fioitiited out in this 
Note) does not depend on the hypothesis of an equal decre- 
ment, but may be as readily demoastrated from tbe real pro- 
babilities of life. Supposing fl,'^, c, d, e, &c. to represent 
the same quantities as in Note {$), tbe valu^ of the sum S, 
to be leoeived on tbe death of A» wUt be propiarly expressed 

. , . S a— A . h-^c . c-^d T^ 

by the scnes - x + -r-r- + — r- + &c. = S x 



T ar* ar^ a'n ar ar* or* 



;= S X — — *. A. = ^•"'^^ x P - A (P denoting 

the perpi^tuity, and A tbe valoe of an annuity on the life of 
A).— ^But in the case of a an annuity or estate, the value of 
the reversion of ^l per annum after the death of A will be 

"-sr + :^ + ^53- + *«- — ('>+w7T+wTi + 

Y:^ + &£• (t denottog the number of year« between tbe 

age of A and that of the last surviving life in the table of 
observations). The sum of these two series is easily found 
SB P — A.— —If 6 represent a sun) equal to the perpetuity of 

£\ per ann. or, m other words, if S be taken = — — -, it 

r— 1 

will appear that the value of the reversion of an estate is to 
the value of the reversion of an equivalent sitm as P — A to> 

P — A 

—— , or a« r to 1^ agreeable to what has been observed 

^above. ' ■ M. 

A A 2 Nolo 
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N6te {V). Quest. XIIL Page 48. 

▼T HEN I here call 4a the mean age ef all mar- 
ried mei)» and 40 the mean ag<e of married wo-- 
inen, I do not intend to suppose, that there are as 
many married persons, who e^lceed these ages, as 
there are who fall short of them. It is likely that the 
latter are more numerous ;. and it is necessary that 
this should be the case, to render the supposition I 
make just^ — If all marriages commenced at 33 for 
the man, and 25 for the woman, one half of them 
would be dissolved by the time the men were 50, 
apd the women 42 ; for fby the Hypothesis, and 
also nearly by the Breslaw, Norwich^ and Northamp- 
ton tables) thene is an equal diance for the joint 
continuance of two lives whose ages are 25 and 
33, teventeen years. Forty-two and fifky then 
would be properly the mean ages at which widDW* 
hood would commence : meaning by these ^' the 
** ages on eaclr side of which equal numbers are 
^' left widows and widowers.** But> though in this 
case half the marriages- of every 'year would be dis- 
solved in 1 7 years, they would not be ail dissolved 
in twice that time. So far would this^befnom 
happening, that about a. 7th part would continue 
beyond twibe 1 7 years ; nor would it be certain, 
that they would be all dissolved till neai! the eUre- 
mity of the possible ejitent of life. Though, there- 
fore, an equal number of marriages would be dis- 
solved, or an equal rmmber of widows and. wi-- 
dowers left brfwe 5Q and 42 and €tfterward$y yet* 
the ages of the latter would, one with another, 
much more exceed 50 and^ 42, than the ages of 
the former (that is, of the widows and widowers left 
before 50 and 42) would fall short of them. And 
the number of marriages also in the^vorld among 

persons 
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personi of greater ages than these, would be much 
fewer than aoicog persons of lesseri^s.— In other 
*iyords : The .period, at which the marriages that 
have been contracted are half dissolved, is not the 
period at which the number of marriages constantly 
existing is equally divided, but this period falb 
some years sooner ; and the period I have in view 
falls in that part of the interval between these two 
periods, where the greater ages of the marriages 
6n<one side, are just enough to compensate (in such 
a calculation as that I have given) their deficien- 
cies in number, compared with the number of 
marriages on the other »de« 

In short. Suppose 35 marriages every year, 
between persons 33 and 25^. In 12 years there 
would be half as many in the world, as could 
possibly arise from such a number of yearly wed- 
dings. ' In 17 years, half every set would be ex* 
tinct. The expectation of every marri^ would be 
19 years, byProb. 2 1 of Mr. D^Moivre^s Treatise on. 
uinnuities^QT by the note(K) in the following notes : 
That is, taking them all together, thfey would exist 
just as long as an equal number of single persons, 
supposed to be sure of living just 1 9 years, and no 
more: or, as long as an equal number of single per- 
sons, all 46 years of age, supposed to be subject to 
the common laws of mortality. One with another, 
then, they will be all extinct in 19 years; the 
marriages which continue beyond this term, though 
fewer in number, enjoying among them just as 

^ In the Pais dt Vaud, Stoitzertandf Um meafi age at which 
women many, is nearly the verv age here mentioned : Bnt it is 
shewn in the Supplement, that tne expectation of marriage there. 
is no less than 23 years and } j so much higher are the |>robahi- 
lities of lift in the country than in tcfomSf or than they ought to 
be according to Mr. Dtf moiore*s Hupothem* See Supplement^ 
Vol. II. 

2 much 
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much TMre duration, as those that fall shc^ of H 
enjoy less. Widawsy then, at a medium, vrill 
commence widowhood at 44 (that is, 25 increased 
by 19) years of age, and widowers at 52. The 
values, therefore of the lives of the /orm^r, when 
they commence widowhood, will^ one with an- 
other, be the same with the value of a life at 44 ; 
or, (reckoning interest at 4 per cent.) 12.5 years 
purchase^ in one present payment, (the annuity 
to begin at the end of a year) ; and their expetia^ 
tion of life will be 21 years, or half the diflerence 
between 44 and 86. The value of the lives 
of the latter will' be IO.92, and their expecta^ 
tion 17 years. — ^The whole number of marriages 
constantly existing, which would result from 35 
cupposed to commence annually, would be 1 9 X 35, 
or 065 ; and 53 years (the difference between 33 
and 86) would be the time in which they would 
increase to this number— -The chance of survivor- 
ship would be the odds of 69 to S3, by Prob. 1 8th, 
Mr. De Moivre on Annuities \ that is, in 53 years, 
35 relicts of these .marriages would be left every 
year, and the number of widows would be to the 
number of widowers^ as 69 to 53 ; or 1 9.8 widows 
would be left annually, and 15.2 widowers. The 
maximum of widows in life together, if none mar- 
ried, would be 21 X I9.8, or 4l6; and they would 
increase to this number in 114 years (or 61 years 
after the number of marriages had arrived at a 
maximum) — ^The maximum of widowers would be 
15.2X17> or 258; and they would increase to 
this number in 106 years. 

• An easy method may be hence deduced of solv- 
ing the question which occasions this note. — If 
the number of the members of the establishment 
I have supposed is^ 665, and the mean ages at 
which marriage may be deemed to commence are 

6 4* 
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flU and 89, 19*8 widows will (it has just appeared) 
be left every year; and tlie values of their lives, 
when they commence widowhood, will be, one 
with another, 12} years purchase. An annuity of 
j£20 will, therefore, be worth, to each widow, 
j£250, and 19.8 such annuities must be worth 
^4950, which, consequently, is the annual in- 
come necessary for the support of the establish- 
ment, the first payment to be received immedi-r 
ately : or £7AA from each of the 665 members ; 
which answers nearly to the determination in p. 48. 
In tlie latter part of Essay IL Vol. 11. it is 
•hewn, that observations determine the chance of 
survivorship in favour of the wife in marriage, tq 
be really so great as S to 2 ; and in some circum- 
stances greater. It is there observed, that in order 
to account for this from the difference of age be- 
tween men and their wives, this difference must 
be at least J 2 years, and the mean ages of all who 
marry annually must be supposed to be about 23 
and 35. In this case, 19, as before, will nearly 
be the expectation of all n^arriages. The mean ago 
at which widows and widowers will commence such 
will be 42 and 5 A. The number of annual mar- 
riages necessary to keep up 665 marriages con- 
stantly existing, will be 35. The number of 
widows left annually, by such a number of mar- 
riages, will be 21 ; and the values of their lives, 
.at the time they commence widowhood, will be 
12.85 years purchase by Table VI. Vol. II. 
and, therefore, the whole annual income ne- 
cessary for the support of the supposed esta- 
blishment, will be ji?5397> or an annual payment, 
beginning immediately, of Jts.l 1 from each 
member— -The number of widows on such an 
establishment will, in 63 years, grow, if none 
marry, to 462 ; and the number of widowers to 224, 

It 



|6a Not^r 

-^t msy be depended on, that all this mm\d hsp^ 
pen as far as Dr. ffalley's Table, or the TaUei for 
Norwich and Northamptok, exhibit the true state 
of hutnan mortality. 

Among the ministers and professors in Scot-* 
LikNn, the number of married men being 667, 
or nearly that here mentioned, the nunU>er of 
annual weddings has, for many years, been at 
an average 30, and the number of windows left 
annually J9j-; and, therefore, the chance of sur- 
vivorship in favour of the wife, as 19.2 to J 1.8^ 
or 5 to 3. This is not more different frdm the 
results I have given, than might have been ex* 
pected ; and the chief reason of the difference is, 
that the expectations of single tiud joint lives among 
the ministers and their wives in Scoti^aitd are 
greater than those given by Dr. Halky^Sy and the 
otlier tables of observation. — ^These tables give the 
expectations of lives as they are among the bulk 
of mankind in moderate towns. The expectationa 
of lives among the better sort of men, living 
mostly in country villages and parishes, are much 
greater. The fact is, that among the ministers in 
Scotland^ the expectation of a single life, at the age 
of 27, is near 4 years greater ; and, o( joint Uvea, 
about three years greater, than the same expecta- 
tions by Dr. Hallerfs Table. See the latter end of 
the 2d £ssay in the next volume, 

I cannot help just mentioning another remark 
here. — It may be observed, that supposing no 
second marriages, and^ at the same time, that the 
odds for the woman's surviving in marriage is 3 to 
Q,, the number of widows in the world would be 
double the number<)of widowerji. But it has been 
found, in fact, that the number of widows is, in 
some situations, five times the number of widowers* 
How this is to be accounted for, I have shewn in 
the £ssay just referred to. , ^ote 
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Note (6). Question XIV. Page 92. 

lET r be ^1 increased by its interest for one 
year ; i the given time or number of years for 
which the assuraooe is to be made t a, b, c^ &c. 
the probabilities taken out of a table of observa- 
tions^ that the person whose age is given shall live 
1> % 9/ &c. years ; and P the probability that he 

shall live i years. Then -^ + -^ + -^^ &c. 

0-1) + ^ + ^ + ^^,^.=^+^ 4. 
r»» ^- (0 - 7 + ^ + 7,. &c.(r-.i)+J + 

III ■■■II , m 

^9- X - + -V + -^f fe<J* will be the exact value 

of an annuitv to be entered upon at the failurie of 
the given life, provided it happens in / years. 
And the nde is nothing but this value expressed 
in words. In a similar manner may be demon* 
strated the other rule for finding tne values of 
assurances for a given time, on two joint lives, or 
the longest of two lives. * 

* Having given a difierent and more conciie role for an* 
sveriog tlut qnettioa, (See note, p. 53,) it may sot be iai» 
proper here to insert the demonstration of it.-— Let a represent 
the number living in the table at the age assigned, let 3, c, df e^ 
&c. represent the same number at ti^ end of 1,2, 3» i, &€• 
years; then will the value of the sum S 'depending on the 
failure of the life within the term pro posed be sg 8 x 
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(I). If B' denote the value of an annuity of i(l on the grven 
life for one year less than the term proposed, and B the same 
value for the whole term, the preceding series will be ss S x 

r 

Note 
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Note (H.) Question XV. Page 6u 

JLbT r signify as before; S the given sum to be- 
assured ; t the given time ; N and n the number 
of the* living in the table of observations, at the 
age of fi and A respectively; A, fi^ C, &c« and 
/I, b, c, &c. the number of the living in the table, 
at the end of 1,2, 3, &c. years from the age^ of 
B and A ; D, D, D, D, &c. and d^dyd^d, &c. 
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the decrements of life in the table, at the end of 
1, a, 3, &c. years from the same ages. Then, by 
reasoning in the same manner with Mr. Simpson^ in 
p. 3l6, &C. Select Exercises, it will appear that S X 

aTj ^^^ Cxrf "^ 
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_Li_ a. _L'il_ fee T/'i =s - V -— J 5-4- — " 

&c. (0 + :^ X ~ + -4-, &c. (/). This is the 

exact answer to Question XV. and the rule ja 
as near an approximation to it as there is reason to 
desire. 

In the same manner, retaining all the same sym- 
bols, it may be found, that the answer to Question 
XVI. is 



TiJ Drf D + Dxd D-^D+^xd 

S X ~— + ^ -1 * ii A ' ii— !i' 
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c Dd T> + Dxd D + D-f-Dx<f 
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&c. (/- l) + 5b X ^ + rri+ r;j, &c. (t). 



2N nr ' nr* ' nr* 
•. D + D D + D + D 

B"' I: + -nT^ + —KPr-^ ^^^-^'^ ^)^*'^^ 

same with the excess of the valae of an annuity 
certain for a number of jj^ars less by one year than 
the given term, above the value of an annuity oa 
the life of A, for the same number of years ; from 
whence the reas<»n of the rule for solving this 
question may be easily discovered (Q. 



C Tbe sdution of the 15th question may be dedaced ia 
a sinSilarj but rather more aocorate^ manner from the first 
of the two roles given in Note (o) ; where the valae of 

the reirersion fort year&is expressed bj the two series —t y^ 
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If • denote the sum of the decrements of life from the aga 
of A for t yean divided by t (which may be called the com-' 

flement of A's life for the given term), and Band B the 

values of an annuity on the life of ^ for / and t -* 1 years re« 

6 • 
spectively, the sum of these two series may be found 3 ~ 

X B + — ^— . 

r 

In like manner, the solution of the l6th Question may 
be derived from the second of the two rules given in 
Note.(O) i—- the series expressing the value of the reversion ia 

.. , . 8 ^3:7.?^ . T ^^luTV' 7* S 

th is case bemg ^ x -j^ + (0 + ^^ 

xlE^ + i:iiSl. ..(*-.!). Let /8 denote tho 
r r^ \ # 
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mm^plemad t£ B*s life for t jetn, Aaod A the values of att 
Mauitj ootlielUbafAibriaadt— 1 yean» and N and 

N the valoai of ao anmutj certain .fer tboie respeetivo 

tenos; dm will the above teriea be ibnnd ss ■ * ^ x 

2a 

t I 

N-A 

M ^ A -f '■■ I t it to be observed, when the daci«» 

mentsef A't life for i ^ean, in the iim of these roles, and the 
decrements of fi's life in the second, are equal, that the exact 
value 6i the reven»ioa is obtained j and if the f cnn do not 
exceed 10 or 12 yean, the vakies ate dwajs so nearly troe as 
not to reqotre greareraocoracy. This also Is the case in genenJ 
with regard to Dr. Price's roles; ag^Mut which there can 
be no <£jection, exoeptioff the application of Mr. De Mohre*s 
hypothesis in one part of them, which ii b best entirely to 
exclude from the doctrine of survivmhips* M. 
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Note (I). Page 149. 

Supposing r to signify as in the last notes, 
and tt to be the complement of a given life ; the 
present value of ^1, £% £z^ Scc^ payable at the 
end of 1, 2, 3, &c. years X.OA years, butsubject to 

failure when the life fails, is * '^" ■ " H — --v— + 
»,- 3 X 3^; g^^^ continued to < years ; which expr* 
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8ioniaequaltonX~i+ '^—H- ~r' ''^ (0 



. . » — l* , n - 2» , « — 3* ft^ /A 
n*r ' itV* ' iiV ' ^ -' 

. To find, therefore, the value of an annual pay- 
ment dependent on a given Ufia, to begia with £\ 
and to increase at the rate of ^1 every year after 
the first, for a git^n term ; find the value of an 
annuity on the given life for the given term ; and 
also the valtie for the given term of an annuity on 
two joint lives both equal to the ^ven life« The 
difference between th^e two values muUiplied by 
the complement of the giv^i life, will be the value 
sought. — If such a course of payment, , instead oiT 
b^tnning at the end of a year^ is to bc^n imme^ 
diately,. and to be made at the beginning of every 
year till £ + i payments are made in t years ; add 
to the preceding value the value increased by unity 
' of an annuity on the given life for t years^ found 
t>y Question VI, and the «am will be the value 
sought And this value, divided by the present 
vsdue c^ what may happen to remain of the given 
life after t years, found by the same questiqn^ 
will give the annuity to which such a series of in* 
creasmg annual payments, beginning immediately, 

will 
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wUl entitle for the remainder of the given life after 
t years. 

If such a course of payment is -to begin at the 
end of a year, and to be continued during life (that 
is, if / = n) it is obvious^ that its value will be the 
complement of the life multiplied by the differ- 
ence between the value of the life, and the value 
of two joint lives having the same common age 
with it; and that if it is not to cbmmence till the 
end of a given number of years, its value will be 
the value for a life so many years (lessened by one) 
older than the given life, and multiplied by the 
value of ^l payable at the end of a number of 
years, and also multiplied by the probability that 
the given life will exist for the same number of 
years.-— Supposing, for instance, the given life 30 
years of age^ and such a course of payment to 
begin when it has completed its 56th year, the 
value would be the value of a life aged 55, di- 
minished by the value of two joint lives both 55, 
and the remainder multiplied by the complement 
of a life aged 55, and also by the product of the 
probability that a life aged 30 will eiist 25 years, 
into the value of ^t p^ya]>le at the end of i25 
years. — The value thus computed will, in this case, 
come out ^19 nearly, in a single present payment, 
reckoning interest at 4 per cent, and taking the 
probabilities of the duration of life from the North-- 
ampton Table of Observations. 
^ With the assistance of these rules, all that is 
said in p« 148 may be investigated. But more- 
particular directions fol* computing the values of 
annuities of this sort may be found in Mr. MorgarCs 
Treatise on Life AnTwities and Assurances^ p» 1 1 9* 
&c. 
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Note (K). See Essay I. Vol. II. 

X HE sum of the probabilities that any given ' 
lives will attain to the end of the Ist, 2d^ 3d, 
&c. years from the present time to the utmost 
jextremity of life (for instatice, ^f -f ^ + ^, &c. 
to Vt = ^^ for lives of 40, by the hypothesis) mzy ^ 
l>e called their expectatioriy or the number of pay- 
ments due to them, as yearly annuitants. Tlie sum 
of the probabilities that they will attain to the end 
€»f the 1st, 2d, 3dy &c. half years, (or, in the parti-- 
cular case specified, -J-i- + W + ly + -H^ &<^» 
isz V Im^ years, or 22|. years) is tlieir ef pecUtioa: 
as half-yearly annuitants. And the^uiQS just men- 
tioned of the probabilities.of their attaining to thei 
end of the 1st, 2d, 3d, &e. moments (eqUal^ in the* 
same particular case to 23 years) is properly thdr. 
expectation o/Hfe, or their expectation as annuitants 
secucad by land. 

Mr. De Moivre has omitted the demonstrations 
of the rules he has given for finding the expecta* 
tions of lives, and only intimated in general, that* 
he discovered them by a calculation deduced from, 
the method of fluxions. See his Treatisi on An- 
nmtiesy page 66. It will, perhaps, be agreeable to 
some to see how easily they are deduced in this 
method, upon the hypothesis of an equal decre- 
fnent of life. * 

liel i stand for a moment of time, and n the 

complement oi any assigned life. Then ^^, ^i^^^ — ^ 

, &c. win be the present probabilities of its 

^continuing to the end of the 1st, 2d, 3d, &c. mo- 
mfiOti; and ^-^ the probability of its Qontinuing 

" • to 



to the end of x time. ^^ X s will therefore be 

•I 

the^uxion of the sum of the probabilities, or of an 
arem representing this sooi, whose ordtMatei ale 

— — , and axis x. — Th^ Jluent of this expression, or 

3^ — ^/tM the aum itself ibr the dine x; and this, 

when X = n, becomes ^n^ and gives the erpeckiiiom 
of the assigned life^ or the sum of all the probabili* 
ties just mentiooedi for it s who le possible dqratjoa. 

-*fa like manner 1 slnee^-^^ is the probal^tj|f 

tlMitt«n»ec|iiai joiMlifM witt continue jv time, ^^^' 

X Jt win be ih^uxton of the sum of the prpbabil U; 
tie^k J^jHit^ru is* — ^ •+ ~;,whicb,wheift»rt«> 

is J, or. this expectation of two equal joint; fiitos.—. 

Again: since ^— X — is tlie profiability that 

there will be a surmor of iwio eqpal joinfe Wy^ at 

the end of x time, i^ X ^ X ^ wHf be the 

Jbtxian of the sum of the probabiltkiea ; afid tlie 

yfaoiS, or — — ~j is (when j? as ») ^ or the 

erpeciathm of surviTotship betwten two equal lives ; 
wniehy therefore, appears to be equal to the ex^ 
pectaiion of their joint continuance* The exi>ecta. 
Cion of two unequal joint lives, found in the saitie 

Ma MS % 

way, is - — ^, m (n) being the complement of the 

aBs ^^^K 4P 

(«) The expectstion of two unequsl joht lives is s — -^ 

X -^ — X ^, whoMjfitml (when * « m^- is em\y found ss 
ia mm 

i "" ^' M. 

oldest 



\ 
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oldest Itfe^ and n the complement of the ybdhgeit* 



m 



The whole expectatipn of survivonbip is ^ — j- + 

^ (5). And the Expectation of survivorship of 

the oldest will be to the expectation of survivdrship 

of the youngest, ^^ ^ to j — - + gj. It is feasy 

to apply this investigation to any number of joint 
lives, and'to aHxases of survivorship. 

It may be observed, copceming the first of the 
fiuepts here given, that it expresses not only the 
expeotatioQ of a givqi life for the time x, and 
therefore its wbcde ezpectatum when 9^ Hi but 
Ulcewiae the number of persona alive, to whioh oae 
peiBon. added annually to a society, at a givcm age, 
will iQorease in a tiine.~<*^Thus : Suppose one 

{^) TKe expectation oif lonriirorship doe to the oldest Itfo 

k idtpitftted by ibeibutum^!^'^ yt - x h ^Ho«b Jftueni 
.J r - . •* • • 

#lf9ff 

(wlieii r » m) » -j^ . The expectttion of tmffivotBhlp ilo* 

mm ^^^ A* m 

to the jTAoospst life for m yean is &tjhi§ni of ■ > x *-?* 

X i i which (wheD :t is: m) is -- '- -r— . Bat this life hju« 
further expectation, after at yaarsf azproised kgr the JketH of 

•^"•^* X ^i^^ X i, #hich(when«art - ai) wiUba 



" ^fii 4.??. ThesamofthesetilroAieiUr, or^!^-^^-!^^^ 
will thel^efore be the whole expectatioa of •anrinorship due 

4Baai^ 

to the youngest life* And tUs exprtsttoa added to ^ 
(which baa beea Iboad aboae tp be eqdal to tha cxpecta* 
lioD of sartivorriii^ doe ft> the ioldast life) i^ill |ive x- — ^ 



<f 'J^ for tha whole etpecuitioa of atsrVtYmhip doa to both 
nvas. M. 

VOL. t* B i ' anrmitant^ 
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aopuitant, whofe agie i$ 28t (and wha?e conMrntnu^ 

of life, therfeforc, is 58, or expectation of life 29). 
to come upon a society every year; the number of 
annuitants alive, deduced from henoe^.will in » 

years, be a? — -^_,ori^^^X«;and,thcren 

fore, the, number of annuitants aljve, deduced ii^ 
the same time from p annuitants left annually at 

the same age, will be ^ ^ ^ X pph-^In like 

manner, the 2d fltietat. or ^.— * + ar, gives the 

f mp^«r o£ Dn^nriagea in. being together, that witt^ 
in. 4? ydaiA, igROvr out d* am yearly marriage, he^ 
^Wi^n pfwons of eqtmi agef , whose oomplefttent of 
life i^(«w ^fJ^lM^y ve/of une^uoiages, andtheoom* 
ple^iwt ^rtfte okk$lUfe4a.fliy awl of the 3^0fi6ge6tf 

w, this number w^ll he -r^ ? \>„^ h*« And 

i/.the.Q^umbei^ qf yc^rs is r^qfMfif in which any 
given number of yearly marriages^ between men 
%nd wpsnieii..at given ages,: .\(ill mccee^e^ so itr «$ 
to be in^apjj given proportion to the greatest num- 
ber that eaiV'jiossibly grotv 6ut of such marKages,* 
this expression must be made equal to the expecta- 
tion of the joint lives," or of each marriage, multi* 
^ed.by, the iraction ^pressing the given propor- 
tion ;^ and the root of the equation will be the an* 
swer. Thus :*it may be found, that one marriage 
every year^ J^clween persoijis <f3'and 25 yeara.of 
ag«, woilld in. 10 years increase to p.35 y i^;i 13 
Jearsto ir.38 \ and in 53 years, to IQ, or their 
greatest possible number ; atfd, consequently, that 
^*5j§ucti jsai-Jy:. HMirwages -would, in. lO years,. in-^ 
otease to 292 ;, in .1 5, year^ tp 308 ^ v*d. in 53 years^, 
to 66t. - " ' AnJ'if it is enquired iri what number 
qf y^r^ 35 4iiiuch: 3^rly ma/iifges would iucreasf* 
tQ half the number in being together, possible to- 
* • . .be' 



■Notie. sfi 

be derived itom thftrh^.the vbke dn^in the cubic 



• * * 



must be found ; whicb^ in tbe present iftstufLOi, is 
pearly 13. r * ; i .»:. 

I have^ in some parts or this i|rock,;bad:Qocasbll 
to make such dediictions as tjhese. See.note (A), 
and iv>te (F) ; an^ {^estioirs JJ^, fpige lOj and 
Xin. page 46* 
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Note(L)« Cha|)ter IV; Bsge 208. 

X^ET r aignify.^l increased by iu interest for 
one year. 

V the FBRPETUITT. 

n the difFerenoe between the age of the youngest 
^fe, and 86 ; or its comhlemenL 

m the complement dr the oiliest life. 

P the valoe (iti Table U] Vol. II.) of an an- 
Duity certain for m years. 

Jiuad the exact value of any two given joint lives, 
according to the hypothesis of an equal decrement 



V+i 



of life, will be V- ^^^^Xn-«i-2V-ix 



- + 2V(it). Eiarople: 



Ltt 



(») This geoenl rale is taken from Mr. Sinnnon*s Doctrio* 
of Annuitietf and if easily demoastrated by the assittance of 
the Theorexm in the 5tb Chapter in this voloRie, pi^ 257. 
The seriei espreMtng the valne of an anoQity qo two joifec 
lives^ whose oomplementt are n and m, it known lo be ae 
m— 1 n^im^s n — 2 , . 1 1 I 

«• nr m nr* ^ r r* r^ 

, . w + n 1 . i . 3 7 7^ 1 

14 9 

x- + -+^ --- (m). By the Theoiems just referred 

T T T* ^ 

to, the first of these series may be found ss i ^ 

r- 1 

"^-^i.sss - - -- the eecottd ss — * ■ x ■ + 

r.*r — 1 mn r— l]* 

fmn+mii 1 , m + « r , . . 

■ X ■ . + X :^ and the third 

• fnn r.*r— 1 tnn r.^r^ll 

_ r* 4- r «« 1 2mr ^ r« 4- r 



fiwf.r — ll wnr* r — 1 i»»r* r— l) jn«r* 

I 

k T — ..'—Adding these diAment series together their sum 

r — ll 

- ^ wia 



Noteg. ?73 

Let the t^es be 27 and 38 ; and the rate of iti<. 
terest 4 per cent. Then n sb 59:01 s 48. V.= 29. 

P = 



^, . 1 m + n r .fi««m r 

wDl be B =— =2— X =.,+ X — =;s^+ 

r — 1 ffin r — 11 inn r*r — li 



^ '7 , ■ ^ . . SB (8inco=ir 18 ss V + 1, tnd 



H^m-.! V+1 . aT+TsV V+1.2V ■ ^ 
X ■W' 4> , ■ ^ ^ — But 

"•^ r.V — 1 fBtii.r — 1 mnx.^ — I 
f — — =r ii = P> therefon the above expiettion 



V4- 1 



becomet « V — — ^-- x»— m-iV— Ix- + 2V. 

Q.E.D. 

If tbe aanoity be payable half-tfiarhf^ knd t + r denote^ 

at in tbe fifth Chapter of thU volame, page 5238, £\ in- 
creased bj iu interest for half a year^ t he ieri et wipressipg 

the valoe of this annuity wUl be = J x ■ ■ + i X 

«n. 1 + 2 



=^ + J X * ^^ (2in). By proceed- 



_ , r 

2 



1 

2' 



■•'Tl 



ing in the same manner as in the foregoing theorain, and 
putting H to represent the value of an annuity certain, 
payable half yearly, for m years, the general rule in this case 



wmmmmtmmm^a 



mar be foond » V - L±J. x i^- jTfiV x — +SV. 

Si ei 

If tbe annuity be payable quarterly, and 1 + t deootejf l 
increased by its interest for three months, the series will be 



mn. 1 + -. «»• 1 + I mnA + - 

4 41 4» 



' 



+ &C. 



P»21.196.n-T-l» — «Vfr l3c — 40. 11— »— 
2V--1 X ^ + 2V=5O-l7.fl«0=32.34O. And 



V-l±i X n-iii-2V-.l X- + 2Vs=:25~ 

fg. X 82.340 s= 10.74a, the value of two joint 
lives whoae ages are 27 anci 38. 



V + ' 
+ Bcc. *-*--- {4^)> and »^* •«» « V — — — 2- ;j 



■«»^^ 



n — m — i — 2 V X ^ +>2Y, Q T«|imentiiig Ae Tihie of 

an aonuity certain paTable guarieHy for m 7iQarB.«»In like 

xnanoer, if the annuity be payable momenUy^ and 1 + ^^^ ■ 

denote i£l increased b/ iU iot^esest for a moaseot, tha general 
rule for determining the value of the annuity will be = V — 

V + 1000, Sec, \ «tr M ^ ^-. 

« 1000, &c. m 



V M 

y X»— «»— 2Vx-r+ 2V; M representing the 

H Wt 

vahieof an annuity certain payable momently for m years. 

Supposing the- ages of two lives to be 20 and 36 years, the 
value of an annuity at 4 per cent, during their joint conti- 
nuance, and payable either jetvi\y, half yearly^ quarterly, or 
momently^ wiU, hj/t Mr. De Moivre's hypothesis, be li.227 
. . .1 1^27. ..11 .565. . .or 1 1 .629. If their ages be 36 and 6i, 
the values will be 7.448.. .7.673. . .7793.- or 7.$K)1. If 
both their ages be 36» the values will be 10.3^. . .10.600. . , 
10.703. . .or 10.808. . .and if both their ages be 6t, the values 
. tnll be 6.14A. . .6.374. . .6.517. . ^r 6.604. 

By eo a a pa ri pg the values ci the equal joint lives, given 
above, witn the values of the single lives^ of the same ages, 
computed- in the fifth Chapter (p. 243 and 244), it appears 
that the differences in the former between annuities p^'able 
yearly and (bote which are payable half yearly, quarterly, or 
momently, are gre^r than the diffesences in the latlev 1 and 
therefore that the addition to be made to an annuity on the 
long^tof twojivesy in consequence of its being payable at 
shorter iotervals than a year, will be rather less than the addi- 
tion to be madfeon this account, either to thi: singfe or the joint 
iives of the same ages. M. 

Note 
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Note (M). Chapter III. Page 197, 

It is plain thai the purchaser of A's right, as 
stated in the first of the questions to which this 
note refers, cannot get into posses ion till the year 
when A and B shall be bofh dead ; nor then, un- 
less A happens to die last. Now, supposing the 
common complement of life n ; the probability 
that A and B shall be both dead at the end of the 

Jlrst year, and A die last, is 1 — *" ■■ X i ^ — ^^ 



X s = :; — — — TT^- Inhkeman- 

* 2 2 2n 2« • 2»* 

I 

ner, the probability that they shall be 6o/A dead at the 
etjfd of the 2d, 3d, &c. years, and that A shall have 

died last is, - — -^tt^-^ — r-r-J «• Tcr ~ 

-^ + "sir" 9 &c. The present valu6, therefore, of 
thp 1 St, 2d, 3d, &c. rents of the reversionary estate 

" ^ — w — 1 w— 1 J w — ll* 1 11^2 W'--2 

i r 2nr 2nr ■" 2Mr * 2r ^ **" 2wr^ 2«r* 

"* 2nV» ^ 2ri 2nr* 27rf » "» 2fi V * ^^^ 

posing r to signify ^I increased by its interest for 
a year; and the estate to be ^1 per ann. And 
the sum of these terms continued in irifinitum is the 

value required. But — + — + g^, &c. is half 
the perpetuity. And^ + ^5=;? - ~ , &c. 

«-^2 , n^2 n — 2> , n--3 , ^-3 ^ w-3J^' « 
2W* "^ 2»r« ^V» "*" 2rtF'* ■" 2i!iH 2;r*r3 * 

is half the value of thejom^ lives, subtracted from 
half the sum of the values of the two srngle lives ; 

that ' 

4 



f • 



tha^ )8, half the value of the longest of the two ltve9. 
A siiniiar demonstration may be applied (o tte 
other question (a). " * 

Qi) Tht poicimaer of A*t righ^ id IIm 2d Question^ wi^ 
get into posaesskm th that year m whicp A either siirvtret fi, 
or diet aftef him. The T aliie' of bit e»peciat ion in tbe\ lit 

year will be a= — x I — + -^r X 1 x ^ 

II— 1 1 ||.^|]> 

1 — — =s •-- — -r— — ^ . . . In the 2d, 5d« 4th, &c. years> 
n 2r 2n«r ^ n ' . ' f -^ 

bis ejipeciation depen ding o a tb^ ayi Qe eye pU will he wortii 

2r* 2a«r* ' 2r» "" ^nnr^ ' 2f1 ' ««»rt ' ?7*^r ' f*^ P"^ 
cent value therefor^of the 1st, 2d, 5d, &c. rents of the re- 

venumary estate is -- + -r-- + —-• + &c. — 

_ ' 2r - 2f» ^ 2r* 2nnr 

of a given ium were repaired, it would, agreeable to the 
foregoing deraoostratioDs, be express^ in the' first case 



S.r— t 



by — --*- X V + BB — 2B, and in the aeoood 090 by 
2r , • ' 

~^ X V-BB (V denoting the perpetuity, B the valii^ 

of an anooity on the life df B» and BB thcLvakie of an annuity 
on two joint lives wboee commoa age is that o{ B). - Tho 
latter value iheriilbre according to De Moivre's hypothesis, 
and in the particnlar case wbsre the two lives are equal, 

exceeds the former value by "^ — X B -^ BB.< That . 

tUa is likewise true whatever be the decrements of life, or 
the ages eif A and B, may be proved from the two'Tbeoreros 
in Note (O) ; For by the second of theiie theoveras the value 

ef $ » x^ X 1 r— > 

2 r b or r 

jw *v £ *•.. S >.F-AP f.F=^^ r=l;B-.AB 
andbythe$rstitis=r- x jr •-^-^j; — + -^ j 

fiom which i t app eaiy that the latter rlsversion exceeds the 

8 y—i 1 _ 

former by - — x B -* AB, and consequently that the dif- 

r , - . .. ... 

forenoe betwe^ them will be the same in all cases. M. 

' ' ' " NotQ 



Note (N). Chapter IV. P^ 904. 

XjET r be £l increased by its interest for one 
year. 

Let S represent any given interval of time> or 
number of years, during which the decrements of 
life in a table of observations continue equal. 

a the number of the living in the table at the 
beginning of the first year of that interval. 

b the number of the living in the table at the 
.beginning of the year immediately following the 
came interval. 

P the valise of an annuity certain for S years. 

p the value of £l due at the end of S jrears. 

Q the value, in Table VI. in the next volume^ 
of an annuity for the life of a person whose age 
^wants S years of 86. 

N the value, in strict agreement with the given 
table of observations, of an annuity on the life of 
a ferson whose age is S years greater than the age 
at which the interval of equal decrements begins* 
Then, 

Q -^ - X P — Q will be the value, according: 

to the table of observations, of an annuity for S 
years, on a life of the same age with that at which 
t^e interval o f equal decrem ents begins. And 

ft + - X P.— Q + ;>N will be the value of an 

annuity on the whole duration of that life. 
When S represents (me ymr, Q vanishes, and 

the last expression becomes — X 1 + K; which 

is the rule fo^ finding, from the value given of any 
life, the va^ue of a life one year younger (/ia). 

In 

(/ur) The vilae of aa anDoity payable kalAyearfy dnriog 
any life (A), may be deduced fioai the vahie of the same 
aaoultj daring a life (jB)> one year jeonger than A, with 

. nearly 



In lik« ttumety tappnf^ G to ^gttHy fhe v^r 
Ipe of two given joint lives by amy table of ob< 

nearly u mci^ ease as the raloes of amnutiet payable yearfy 
9m6tAtmL Lac ^ ttflMattC the tfWnber «f pMotMlhriog 
ifl iha TaUa-M te aga of B^ and a» d, €,/, te/ the aamber 
liviDg at the end of toe lst> 2dv 5d, kc, years from the a^ 
of B. I^ f re{)ri6«6oC the interne of j^l for a year, and 

• 3:1 4*-.>.4iMl^^lhevatiiaetf ttoaanmtybe=B --^ 4^ 

as* ISm '*" ♦Si'*" -JET + &c. which may be found =s 
1 c 1 ^ . 1 . d 1 2 T «' 

^ ^ ^ ^ ^, te. Ffoi* tbW aaife^ if .die age of B be 

v«!y oM^ AetllM of tfe rile ailnt<ity ^ll be obtained with 
Ettle difficulty ; and baving this, the f ahie of aa annuity oa 
a lijfeoooyaar. jponopr aaajr be deriived iipom it in the felkm- 
ng. maftner :— -£iet a denote the number of persons living 
af th« age of (A)r toho itf one year yonnger than B; then, 
aiw«>tfia ieiM esq^Msiog tii4 tribe of aa aUdaity on Ae life of 

tBtf lataarif fiwtfdabdve to ba ±5 -t^ + :J't + Avir + 

4op 2op^ 4ofr 

Sec, the aeries expressing the value of an aoniuty on the life of 

tHe Ibrmer will be s —1— + ■— - + -~ + Ac- =* -: — 

4«o 2ap* 4np^ Aap 

the value of the aonoity on the life of B be called M, the 
rUtk of tbe anndtr on thellfe of A will be s •^— + -~t x 

IJM. 

: nomtMs fbe^rensi a« tibfo itey be cofSffuMof the vafaes 
of aoDoities |fiyable half yearly on lives of all ages $ and by 
pfoceedffug'itrtbe same Tna^nef a general'Theorem may be ob^ 
tained fo Gomputiofa table of tlje valuer of annuities payable 
qjiurterry, But the labour of forming a table of this kind will 
be rendereti vitnetessary, if tite att; ^ifisessed of the valoea pay- 
aUd yearly: for I have found that the differences between 
annuities payable half yearly and yearly are the same, whether 
tlpMT imlaea be dailvad iirom the real peolkibiiiiiei of life add 
tfaerpi^cedinif Theovemii^ or£rom hC DcMmon'i hypothesit, . 
and die/JliCDVciiia iff tib^Sth Chapter Jtijthis< volunse.' . M. . 

' ' servations^ 



Notes. s?9 

B&mtiota, a the lmt% at tht Bgo of oM of thmi^ 
c the living at the age of the other^ and b and 4 
the numbers living at the tmy next younger ages^ 

- X 1 + 6 :win be th^ value of two Joint 

T 



tt X c 



6.x dx 

lives each one year ypunger than the fonner# 

The method of dalttdating the values eOk^m 
fi*om any given tables of observations^ described at 
the end of the fourth Chapter in this volume^ 
is founded entirely on the^e Theorems ; and a 
distinct explanation of them has been given b¥ 
Mr. iiUrgan, in the Second Section of the Second 
Phapter of his book, oa the Doctrine of Life-Aa* 
nuities and Assurances. 

The expressions Q + ^ X P — Q, and Q +4 



X P — Q + />N^ with their iBveetagattoB, may be 
found in p. 341^ 3d. edition of Mr. De.Moiure^s 

Treatise of the Doctrine of Chances {v). Bnt it la 

necessary 



M The Solution of ^hts theorem may be deduced in a manner 
diftbrent from that of Mr. De Maivte. Let « be the nQtnbeSr 
of persons dying annually in s years, ^"wfaHe thtf decrettient^ df 
life continue equ9]> then will the valu6 oC the annuity during 

fl — «.fl — !2«.fl — 3« ,a — ** 1 

this term be =s + — -r- + : — nr~ • - + J^ '^T 

or ar^ aiH- or' r 

■ I » » ■ ■■ ^ 

^ 1 + 2 ...,(»>- -X- + 4+ A-o>- ^^^ 



Sd. 



firstseries is = P, and the second series isss x P— Qae 

(since fl — i is == stt) ^ —'^ x P — il> and thetefort tbi^ 
value of the annuity during the first r yeart wilt be r= Q <f 
-: X P — Q.. . . The valuo of the anauity after s yean tap*' 

posing m, n, 6, p, g, &c. to denote the nunaber of persona 

living in the table at the end pf « + 1/ * -f 2, « + 3, &c. 

years 



necesary to'obterve, that (he direoCion *hich Mr. 
De Meivre has given tor finding^ the value of Q 
i» vnoag. In cooaequenoe of calculating agmo- 
ably to this direction, he gins the valoe of a life 
at the age of 4* by Dr. Bailey's table greater than 
the vahie of the same life by bis own hypothesis ; 
whcneas it is evident that the probabilities of 



:^ + ^ + ^+*c-«*j X pN. If this eipi«iioo !!• 
addod to the value of the •nnuity, fbood ibove, for the fiwt 
* jreiri, the whole value wiU be s Q -f - x P — Q + p^T 
aE.D. 



It b necwwy to oh«ve that the series IT^ + fLzJ:.&c. 

ar ar^ 

roppos o the amttlty to be poTible ^tarhf, aod therefore that 
fl*.^ 7r "*" 5^ "*■ ^' *^ expresget the diAaeoce, multi- 



pUed into -, between the values of an annuity certain for 

a years, and of an aanuitj payable yearly daring the con-' 
tiouance of a life whose complenieot is *.-^— -Ite latter of 
these values, deamed by Q^, is given in the 6th Table in the 
next volume.— But Mr. De Mohre has deduced the value of Q 

firoin the #nxion^ quantity — ~— !L — ^ ^hich . ex- 

pressing the valoe of pxx annuity ncurei upfm kmd,' must 
necessarily be always greater than the series l-Hi + iT J + ' 

Ac; for the one supposes the annuity to be payable to the 
last moment of ejisienQc, while the other makes no allowanos 
for that part of the year which shall have elapsed between its 
Copamertcemeot and the extinction of the life. This vahie of Q 
therefore is improperly applied to the foregoing Theorem, where 
the value of N, as. well m the whole solution, is founded lipon 
the principle of the annuity's being payable only at the con- 
clusion of each jear^ provided the life shaU condmie so long, 

^ liviQg 



^otes. 



Ui 



living after 42, being all along lets in'Dr. Halley*s 
table than in tiie hypothesis, the value of the life 
must be also less.— *The mathematical reader may 
easily ssitisfy himself, that the value of Q ought 
to be taken, as I have directed, from Table VI* 
in the next volume. • 

I Cannot help adding Here, that thou^ the rules 
•for finding, from the Value given of any single or 
joint lives, the valuebfatiV single onoiiit liv^ one 
year younger, are an 6bvioi|$ corollary from the 
<twd expressions just 'mentioned, yet it is probable 
that Mr; De Moivre did Dbt attend to^h'em, or 
eohsider the facility ' wtiieh they give to catcula- 
Isbns of Ihls kind ; for if he had, he would not 
probably have insistt^'so much as he has^ on his 
ny^thems of an equal decrement .of ^fe i tnuch 
ia» would he, in orider to obtain, an easy method 
«f calculation, have had recourse to that Second 
Hyp6thesi«, which, in the fourth Chapter in this 
volume, has been shewn to be so veiy erroneous. 

Mn Simpson is, I believe, the first wl^o has 
gVven these rules, in - his Treatise on the Doctrine 
of Annuities and Rev^nioos ; but m his Seleci 
Exer cists ^ p. 275, Ko has given a rule for ap« 
proximatiog to the valu^ df single lives, accord* 
ing to Dr, Hall^U table, which must not be de« 
pended on, for I have found it half a year*s pur» 
chase, and sometimes three-quarters of a year's 
purchase, wrong. 
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Note (O)- 

Xn a note at thecondosion of the. 3d Qiapler ^, 
t)r. Price refers to the end of this Yolwie fpr.more 
pocurate solutlona of Us 1 ith and lath Questions^ 
which had been investigated by myself^ and pial^ 
lisbed In the 78th voL of the Philosophical Traoa* 
actioais*^With the view of fulfiUiog hisintentioos 
in tins respect^ X shall hoEi^ in an abridgad4miniiT» 
insert tfte so^tions toj«r|wh be refenu. 

SbLUTioir pv Qui^sTioA XI. Page 40. ' Let a 
represent the huidoer of p^npns liWng in the Tib- 
bie at the age of A, tb; ypmiger of tb^ tvio.liwi^ 
a\ af^Q.p &C. the decrei^efita of li|e at the, isnd oi 
the l&tt 24» 3d, &C. years from the age^ A; i 
the number pf persona living 9t the age of B^ tbt 
older of the two liyes, and q, d, t^f, &p. the num^ 
ber of ^rs^ns living pt the. end of the l|t»^' Zd^ 
&a years from th« ase of jQ. . Then will th^Talue 
of S (the ^en sutn3r depending on the fondn* 

gcm^ of Bfn snivivhig A, be expressed by ^X 

H' da" \ Vat" . V . S . ^' . ctf" . de^'' . • 



^ 8 ^.F,3A£p*,P:::A£ ;rrT.B3Ar; p 

denoting a life one year younger, and P a life one 
year older than B ; AF, AP^ AB, the values of 
the joint lives of A and F, A and P, and A and 
B ; and p the number of persons living in the 

Table at the age of F. But^is = i±-5and Jrr 
B — -^. Hence if V represent the perpetuity, 

* Face 1^. 

the 



,±A 



Nofet 



s 



the^bove expression may be found equal to - X 



s 



tL+AP ^ i^iil..^- _ ^^ Having now the 

value of the given sum payable on the contingency 
of B*8 surviving A, the value of the same sum pay- 
able on the contingency 'of A*8 surviving B if 
easily obtaijipd ; )>y 8»btra9tij)g the v^ue fo^ 
above fr;Qa]r U^ w^oli^ valu^ of the R&vffmn,mGif 
tlie extipgtiQC^^ Pi the joint It ves lof A 9oa B* 

$OLUTjLQ^ QH QuBSTioN X^^t p^£e43« Retmu* 
ing the$fme3xn^9l9af in (he,pp^^hig foi^tiQl;^ 

the vftliie of the'sam S wiU in this cfte ^ ^ 2^ >C 



>•««— «^«**^ 






" "jyw • ._i_ . .' '/ 



,Ututiag U* for ? and B ^ j^ fpr '^ ss' ^ xi 

■ 1 1 1 L" I- - I I ■«. I I ^^^M^W ^ . . 

ixjj;^? + LTLlJLrJLLAB^ MP ^ ^^^ 

the value of the reversion is reqoiredf depending 
an the cQAtingency of A's having di^d after B, the 
fbrregQing value is to be subtracted from the wfaolm 
value of the {lever^on after the extinction of botk 
lives. M, 
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« Note (P.) 

SECTION I. 

In the same note to which Dr. Frice refers* 
fdr more accurate solutions of his 1 1th and 12th 
questions (and which have heen given in the pre* 
teding pages), a further reference is made to the 
end of this volume^ for rules which give in all 
oases correct valuea of sums payaUe on any sur- 
vivorships between any three Uves* These rules 
have been deduced by myself; and when the above 
note was written^ it was my intention to have sub* 
mitbed the whole of them to Dr. Price^ in order 
that he might use his own discretion in the man* 
ner of inserting them. But this is no longer 
p06sible« and I am induced therefore to give the 
greater part of them in this note. But being 
apprehensive of rendering my additions to this 
invaluable work much too lonff» I shiili only in- 
sert the rulesj referring the Reader for the demons 
itratums of them to the jgih^ 81st, 84th, and 
90th volumes of the Philosophical Transactions. 

From the complicated nature of questions in- 
volving survivorships between three lives, it be^ 
comes necessary in their solution to have recourse 
to a great variety of symbols.-— In order how^ 
ever to prevent repetition, the same symbols are 
uniformly made to denote the same quantities in 
all the following rules, and it may not be impro* 
per to begin with explaining them. 

* Page 199, 



^' I de^iote the value of an annuity on tke rfc* 
p* J spective lives of A, B, and C 

P.- denotes the v^u^ of S on the >continjgen/Qy ^£ 

Cs surviving A (by Queat. XL Note .6) • 
£• denotes the«4me value on the coatingiency of 

B's surviving A^ fbpnd by t;h^ same tQuea^ 

tion. 
F» denotes the value of an aanuitj on a Hfe one 

year younger than 3. 
Gu denotes the value of the absolute Reversion of 

S after the death of A (by Quest. X« p. 32.) 
H« daiotes the value of an annuity oo, ^ Ufe^one 

year younger than A. . ' ^ . / 

K. denotes the same value on a lli^ ^on^ yefff 

younger than C. . 
L. denotes the value of an annuity on the longest 

of the three lives A, B, and C. 
M. denotes the vllue of S^ by the first Problem 

' in this Note, on the contingency that A^s 

life shall be the^r^ltbat fail£ 
N. denotes the value of an anniiity on a Ufe OQ^ 

year older than A. 
P. denotes the same value on a life one year older 

than B. 
Q. denotes the value of S, by the 8th Problem^ 

on the contingency of A or B, being either 

of them the^r^i that fails. 
R. denotes the value of S on the contingency of 

B's dying after A (by Quest. XTI. Note O). 
S. denotes the given sum. 
T. denotes the value of an annuity on a life one 

year older than C. 
V. denotes the perpetuity. 
W. denotes the value of S on the contingency of 

Cs dying after A (by Questr XIL iftte O). 
' Vol. I. C c a and 
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• and a, (fenote the ounber of persons limg In 
• table of observations at the ages of H and 

and 6, denote the number of persons liwng at 

the ages of F and B. 
K and c, denote the number of persons Imng at 

the ages of K and C 
«, m, and d, denote the number of persons Imng at 

the end of the first year from the respective 

ages of A, B, and C. , . . ^ 

r, denotes the value of ^l increaKxI by its in- 
terest for a year. 
The combinations of two or three of the several 
letters. A, B, C, F, H, &c. denote the valu« of 
annuities on the joint continuance of two or three 
of those respective lives. 

PROBLEM I. 

To determine the value of a given sum, payable 
if A should be the^w* that fiuls of tiwj three lives 
Af By and C. 

SOLimON. 

When B or C are the oldest'of the three lives 
Che value of the Reversion will be = S mto — X 



^■WS.-AJnL BK - ABK $^ FCTAFC + 

kr— ABT , w .PT — APT 

•r » + ft • 

. When 



When A is the oldest of the three lives the value 



^ i I m 



wlllbegSinto^X ""yt^^ -AF-flA^ 



+ > X '•'"^""^^ - AB+"aA3C + 4 



nr 



'• ^^ T °^^ - AB - ABC + -^ X 



a 

When the three lives are equals the velue will 



»>^ 



PROBLEM n. 



To determine the value of a ^ven snm, payable 
if A should be the second that fiuls of the three :] 

lives A^ B, and C 

* * 

SOLUTION* 

When the ages are unequaly the valae of the 
Reversion will I^ = D + ^ *-* ^^* 

When the ages are equals its value will be sr . 



PROBLEM m. 

To determine the value of a given sum, payable 
on the death of A, if his life should be the loii 
that fails of the three lives A, B, aiKl C. 

CC2 . SOLUTION. 



r 

The ynkte ^ the Reverskm m Ak ease wil 

■ .-^ . -KM w- ■ "" p" 8.1*- I.V^ L 

either O + M - D + E, or-^ ^ , 

•ordme m the aget of the lives am unequal m 
equal.' 

FROBLEM IV. 

To determine the value of a given sum, pay9^Ie 
on tiie extinction of the lives of A and B, should 
they be the/ri/ tliat fail of the three Uvea A^ ^ 
and C. 

poLxmoN. 

Let 2 denote the value of S on the contin- 
gency of C's surviving B (by Quest. XL Note 
O), .and the general rule, wh en the lives ara «*- 

equal, will be = S X Ij* X HC -HBC - ^ 

X ^ HK - HB.e ak::::abk - ^^ x 

AC~ABC-U X NC-NBC + -|^ X 
AT >- ABT ^ ':^T^^^ Iftbethiee 

S r"— 1 

lives be efualy the Rule become* =» ^ ' ^ ' X 

V ~ 3CC - acca 

PROBLEM V. 

To find the value of a given 5um, piiyable oa 
the death of A, if hjs life should be thejfrjr (ir 
second that fails of the three lives A^ B> and C 

SOLUTION. 



X 
* 



n 



'f'he value of it\« .Reversion, when (be fiv<S am 
vnequat, will be = t) + E — M. 



When the lives are equals it will be as -^ — X 
av - 3CC - CCC. 



PRCfeLEM VI. 

« 

, To find tfie value of d given isum, (layable cftr 
the death of A, should hU life be the second or 
tbird that fail^ df the three lives A, B, and C. 

* - 

If the lives be warqual, the valii«of th« ReverehfiF 
vHU be = 6 - Nt.-V-If tin* three fives be equal; 



ite trioe wiB b« « !:^~ JL X aV -i- irr 

PROBLEM Vn. 

To fifidT the value of a given •am, payable oik 
the death of A, should his life be tiie jtrit or tb< 
tost that fails of the three lives A, fi, and C. 

SOLimON. 

In thi s caseth e value of the Reversioa will b« 
as G ~ D -H E 42^. if *^ •>'« •» unequal, 

ata « ^5^ X aV a; jG - tfOC -f 2fcicc^ if 
tlie li^eii be f ^Wy 

« 

PROBLEM 



t^o Nates. 



» t 



PROBIiBM \in. 

To determine tbe value of a given sam, payable 
on the death of A or B, should either of tpSrh be 
the^#/ (hat fails of the three lives A^ B^ and C. 



• * 



SOLUTION. — 

Let £, as in Prob. IV. denote the value of 
8 on the continfl^nqr of Cs surviving Bj and 
the value of the KeverBion, when C is the oldest 

of the three lives, will be s. S into -^ X 

#-Fk'-AFK . wi^ — ^r5& *^FC- AFC . 
a + B li ~ ABK gj + 

t.r^l. BC"--> ABC . y.PC>^APC d 



*- + !LI^]^ + 2, „•. Bat if A Ae 



13 
£GijB3^/7i6e value ^ be s=r S into 



r-l. V-AB 



r 



• ^/8.HF-HFC , UB-HBC AAF-AFC 

- s^ — 4— + -: — i sr 



^B^ 



■^ » - ' — + ■ ■■ ^ « — — And w tn* "U*e 

lives be equal, the value ml\ be ^ ^~^ X 
V-CCC 



FROBI^M K. 

To determine ^ valve ofa pven «un, pajraUe 
on the death of A or B, shodkl either of them be 
the second that finis of theChree lives A, B, and C. 

SOLimON. 
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SOLUnONj. 

« 

When the lives are of unequal ages, the valiie of 

the Reversion will be = ?ljJJLz:^+D+Z- 

2Q (s denoting the same value as in Prob. IV, 

and VIIL) When the ages of the Z lives are equate 



2S.r-l 



the value will be = i^^ x V - 3CC - 2CCC. 



PROBLEM X. 

To find the value of a given sum, payable on 
the decease of B or C. should either pf them be the 
Iml Uiat fidls of the three lives A, 3^ and C. 

SCMiUnON. 

I 

The value of the Reversiom when the lives are 

unefmh will be =s 5:5^ x Be~ABC+R+ 
W -^ M« and when tbe lives are all -e^ualt it will 

PROBLEM XI. 

« " 

To determine the value of a given sum, payable 
on the contingency of Cs surviving B, providcci 
the iife of A shall be then extinbt. 



SOLUnON. 

• 



V 



s 



1 



lf0 NBtes. 



aiMUJTION, 

^^en eitierBar C are the oldest of the three livesy 
the Tfllue of the giVeti sum will be = S into -^ x 



1 - STirASir + ^ X wtafc 



T-^1 - 



-• TUT X BC - ABC-:^.XPC- APC + 



5f ' - 5dr 



^ X OT:rABf - !!LPTziAPT 

fWhm his. the oUm ofthg threi llMi, the vake 



J ' ' ** 



^ X HC - HBC -^ ^^>c AC- ABC + 4- 



• ,• • • Ser .'r^ a 

(S deriftlmgfte^ same vahia^ as hf l»fob. Iv; VHf. 
aiid IX.) ---* Wheji thetteteiiiiei am eqiial,Am 

value of the Reversion iSIt'Be at ^•,'l'' ^ v 

. ^ 

V - 3CC - :iCCC. 

x • 









SECTION. 
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S^ECTION U. 

J. HE remaiaing problem^ involve a ooi^tingency 
which makes it extremely difficult to give au 
exact solution of them* By the assistance, how* 
evef, of the tables inserted stt the end of this Note 
the difficulty may in a great measure be sur- 
mounted ; but it is to be observed that the rules 
are unavoidably rendered more complicated, and 
therefore, in addition to the symbols already used^ 
it has become necessary to have recourse to the 
following. 

Xy y, and a;, denote the differences between the r^ 
spective ^ges of A, B and C, and of the oldest 
person in the Table of Observations. 

i^ the number of persons living at the age of A 
at the end of :r, y, or 2 years, according as 
At B or G is the oldest life in the Problem* 

p, the like number at tKe age pf B. 

^, the like number at the a^e of C. . . / 

t, the probability (by Table II. at the end of this 

. ^ ' Note) that A dieS: q/?er €. - • 

f^ the probability (by the same Table) that C dies 
after B. 

A, the probability (by Table h at the end of thi* 
Note) that C survives B. 

/x, the probability (by Table 11.) that C die» 
after A. ^ 

{^ the probability (by the same Table) that B dies 
after C. 

n$2 the probability (by the same Table) that B. dies 
after A. 

f , the probabili ty (b y Table I.) that B survives A. 

A', A% AB>, ACl% &C. B*, B*, BC-, &c. C, 

• • • - ^^9 



I 



\ 
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Oy ^A)^ &c. the values of annuities on the 

single or joint lives for x^ y^ x^ears. 
1 I I • I ' I 
A»i A'> Bs Bs C*, C», &c. tbevmloes of an- 
nuities on single lives^ s, y, or z years oU0r 
than A» B^ C^ &c. 

p 1, i, the value of ^1 attheendofor^y, or 
2 years. 



PROBLEM XU. 

To find the value of an annuity on the life of C 
after A» on the particular condition that A*a life 
when it fiqls shall £iil before th^ life of B. 

SOLUTION, 

If C £e. the oldest of the three liveSf the value 
will be = 2^ + 2£^ABC jf ^ ^^ ^j^ ^j^^^ 

the value wilt be r= ^+^' + ^. C - C - 
AC + BAG jf ^ ^^ ^ ^^^^^ ^j^^ ^^^^ will be s 

2j:l^ + ,. e=C>+?^f^. And if the 

c — ccc 

thitee lives be equal, the value Will be s= -^ 



2 



PROBLEM Xm. 



To determine the value of an annuity <lftrin|f 
the life of C after Aj provided A shpuldrartwc B. 



^LimON. 



1 



Notei. tg% 



SOLUTION. 



Tlie val^e when C is the oldest of the three Kvet - 
will be «s — -— -J J when h. u the 



2 • s 



oUest it will be sc C- ^ + ^ C - 0» - 
AC - ABC . ^jjgjj g ^ ^^^ ^y^^ a q - ^C - 

the ^Aree lives are eqoal^ the value will be ss 
C - 2. CC + CGC 



2 



PROBLEM XIV. 



To determine the value of a given sum payable 
on the death of A and Q provided B should ahv. 
vivt one life in particular (A). 

SOLUnON. 

Let the value of an annuity of £\ dqpendini^ 
on the contingency in Problem XIL be denoted 
by Y^ and the value requi red^ when the ages are 

tmquah wiU be = E --^^^ X Y-— But i 

ages be equals the value will be = ^ :^ ^} 
V-.CC~C-CCC. 



PROBLEM XV. 

find the value of a given sum payable on 
the death of A and Cj should B die before pne life 
in particular (A). 

SOLUTION. 



^ 
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soumoN. 

Let the value of an annuity of ^1 depending 
fcn the contingency in Problem Xlfl. be denoted 
by Zv I^ the value of the f^ven mm aftev th€ 
death of A and B, provided B should die before A 
(found -by the* 2d Qnestion in N«ie O) be fepre- 
aented by X j then will the value required be aa 

Z — — -^I— X X if the ages of the three lives be 



Sir- I 



unequatj or = -^-r-- X V— ;Liftheage8bee^iL 



PROBLEM XVL 

To find the vb1i16 of i' givi6n sum payikble on 
t)k€ deoease of B and Gy sllouk) their livetf.be the 
laH thafc shall iail of the three li.fe^ A> B, and C* 

SOLUTION,, 

Jf B r/ncf C are Both of them older than A, and 
Mh of thtA nearly of the same age^' the value re- 

quired will be = S iota X — ^ — -- ■ ■ — 

•^ BC - ^ J-^^ + ^ JT r+AP-?H:5^+ 



X 1 - AT - 



BT-A6T ♦«. » + APT 



2cr 3 3A 



34 X BK - ABK + — 4 - ; Bui 

if the age of B much exceeds ttdt of C the general 
rule will be more accurately expressed, by S into 



Ndtas^ «07 



rsssse 



li.Tfe - AFC , m ^ irf. FT ^ APT PG-APC . 
si ~2br^ 3c 3 



ipr - Af> - A X ^I^^ + 1' "-r- All' + 



2jr 



A £e <A« o/n/e;; (f the three lives, the g£DecJ 
role wilt be S into LELIil + l^ji^C* _^ 

2r * 2c 3yi ^ . 

f.AJ6L;^AiiK « ./tjp . 4."nn^HHC , f- . 
3 + SXHB+-— J +^~ X 

AT- ABr , r.y T^T ^ y— ^ X ^'-4- ^ V ^'^^^ 

X V -n B'. And y //itf /Aretf /f^e^ *fce equul^ it 

will be simply —~^ X V — L. 



PROBLEM XVII. 

To find th^ value of a given sum payal^la^qfi 
the death of C, provided A should be the first, 
B th^ second, and C the third that shall faM of 
the three Uvea A, B, and C. 

SOLUTIPN. 

When C is the oldest of' the three lives, the 
v^lue of the -given sum wihl b.e S - iotQ . ^ X 

0. FK - AFK jiv A.p^ I '■-I- hC-ABC , « 
—rj rBK - ABK. + n ^ + ^ 

X 
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"Bis the oldest of the three Iwet, the value will be 
S into 5;: + g^ X J 

»— — iWl Mill I ^ — .^ I »^ p»^.^- 



I e 



/^ro-APC . C»~AC)» , d . BT- ABT 



p-AT^ + ^^^fi X r::rq, men A 

if Me oUett, and B the youngest of the three lives, 

tfie genenl role becomes S into *" ^^^'''' ^i 

SS\r^ AC+CF • ^py , AK-A BK . if 

Sr ac 1 3 'acr ^ 



AT -ABT 



NC-i^BC +^:i^i^+i X HCrHBC+ 

»; HBK , w. f-lT^l ff ■p^ 

~1 r crv-i-i X V — c^. Batwhen 

A it the oldest, and C the youngest of tie three 

*w*, it becomet S into —^ x V—sC— ABC 

> TZT.BC-.AC 4 ^ AF - AFC . ThfC , • 
^ »• 24 X~ ~~3 T"~3i~+toX 

^^5izLH»<i+HC+^xNB-NBC+!:i:IH^ 



air X ' -h i^ + 3 + IT + ^ X 

«■* + * 2^«+( .———And 

whea 



r \ 

ifvtien the three Uvt i are eq uaj, the feDend nde it 

, , ^ 8. r^i. y- L 

yeduced to ■ ■ ■ ^ 

1 - 
PROBLEM XVnt 

To determuie the value of a given torn nyaUe 
on the death of A or B» ^onld either of tnem be 
the A^ or $ecmid thsit^tuk of the three Jifte 
A;B^andC 

SOLUTION. 

Hw Valae of this revenion in all cMmit^:^ 
XV-AB. 

FROBLBM XDC 

To determine the value of a given fom payable 
on the deoeaae of A or B, shomd dither of them 
be the second or third that shall fail of the three 
Ay By and C< 

SOLUnON. 

The value of this revernon when A and B are 
older than C, and both of thera nearly of the 

same age, will be S into ~~— x V + ABC — 



i, ' 1 



APC+ 



rf.pr-APT 

c 



Bat if B be cemiderably the oldest of the three lives, 
the value will be S into ^— i X V^+ ABC ^ 






A'+B+BC 

I 

I 

1 



fiioS Jfofos. 




TTP^w* ITS . " aiUL"" ' in < " 'i I ■ " ^ 

±|+£E+ ^-. AB-^ X^rk-BK - 2BK 



" ^ % m 



m .. , . AT^ . rf-PT— A 



+ gxAF-AFC+^Xl+AP+ 



^rrr 



(A^ Mr(^ /iWj the. value of t)ie reversion will 



-•**■ 



be = S into , ? .J^SS-±J^ 



— AD -t- 2^ T 2^ 2«r ^ 

_^ ,.».,-rT.v-,A; ^_g__^ H^;.—— 

If Me Mree /irei /?e eqicaly the value will be = 



S.r-- 1 



X V-G~CC + CCC. 



PROBLEM XX. 

To determine the VAltie of a given sum after the 
decease of A or B, should either of them be the 
Jirst or last that shall fkil of the three lives A, B, 
and C. 

SOLUTION. ; 

If B he the oldest of the three lives, the 
value of the given ^um will be S into ^ ^ ^ ■ 

XV-ABC- ^tJ5 ^ ACU_HBC _^ jj_ 

iS.AF- ATO 



26 
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itlv+AKi" A V AP I ••* 



- r+AP + ^ X r- l.V- A,V 



J^ C be the pldest qf the three ^liveSf the value 
will be S into ^l=i- X V- ABC,-iA' + B'- 

jB. AFi* — AFC . «.Hir - HFC , m ^ 1 + PC 
^IT^ 2« ^ 6r '^ 2 



i^- 4^+ AB + ^ X .-+NC+ 



^ X V - Ar + b:- - ^ X AB:.— And 
if the three Uves be equal, the value will be — 

X V - c + cc - ccc. 

PROBLEM XXI. 

To find the value of a given sum payable on 
the death of A, ahould his life be the^r^r or 
second that faiU^ and should B's life^ if it fails^ 
)xx:oine extinct before the life of C. 

SOLUTION. 

< 

Th^ value required in this Problem is no more 
^an *' the value of a given sum on the death 
'* of A, should C survive him/* and therefore is 
obtained by the Solution '9f the first Que3tion in 
NoteO. 



wn. Dp HIOBLEM 
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PROBLEM XXU. 

To determine the value of « given cam payaUc 
on the death of A, should his Kfe be. this sewad 
or third that fails, and should B*s life when it 
fdjs become extinct before the life of C. 

SOLUTION. 
When B u the oltkst qf the three Uoes, the 
value of the reversion will be a= S into -r^ ^C 



+ ^XPC-A PC-. "-^ ^^^ t fii- X 
FC-AFC + 3AF - ^ X BT- ABT~ ^ )ic 

Whe^i C is the oldest of the three livesy the value 
will te ssS into ~!^ x !2V-^3A«-ABC- ^ X 

BK-Ah K + ^^ + AFK + ^xlc^^^^- 

d. 1 + A.PT rf ^ p^' Aprr »_i, ^ 



2c 



-^ X BT- ABT + ^ X PC-AFG 



AC-AB\' . i*.r-l.V-A^ 



+ 3AF1-- Jx AK+^S:^^ + ^^'^—i 
When A t« the oldest^ .the value will be = S 
into^X 2V-3A-ABC-^ x AK - a6«» 

-'^ + -^ X HC - HBC - -It X 






2flr 



■mi^^^Ma^wv* 



Mite^ 4f)» 



AC. - AB 



1 +"^B + — - g/ ' ' ; And when the.'/juw qre ^jaa/, 
the ^abe wilt -be S;^ X iVV^"^^^^ 

moKLXNL xxsa. 

* To determine %be value of a giren fl*nfn payable 
OR the death of A^ jshouid his life he thejirst or 
Icui that shall fail of Ibe three lives; aod should 
B's life, if it fail, become extinct before the life 
ofC. 

if B: be the vldat .vf.ihg d^ee Hves^ t^ie Yfthie 
^fllAeSiiKoip- X J^IPZ35C.+ ^-. 1?^ 

:^^ X AB*: + ^ X A^+^c-'A^'b+HTI 

^ t.r-^l.V -Ay itflr.r- I.V-.ACI7 rr r^ 

ic the oldest, the value becomes S i»to -— x 
V-A'-ABC + f rfl+ ^, X r+An^- 
^^X i^AT + BT-ABT-^ X AFT + g 



m^t^i^^^^^ 



X Ain- + FC ~ AFC + **•'"" \J. ~ ^•' 



«r*+* 



If A ie ihe videst, it be c o m e g hB into *" " ^ v 
V- A- ABC + — — ^ + !S:*!E :^ "^^5. _ 

" X AT-ABT +^ X i+jNC-NBC V 

J>D2 



.... - • . - ,^ 

ds 

StftT 



•^ < 
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-^ y 1 -4- Nfel": ' ■ - And if the three lives bi 

tacr ' 



tfual, it becomes ^ ?:^X V-C+CC-CCU 

PROBLEM XXIV. 

To determine the value of a given sum payable, 
en the death of A, B, and C, provided C shall die 
mjter one life in particular (A). 

sonjnoN. 

The value of the rever^on in this case, ^«i 
B is the oldest of the three lives^ wiH he S into 



«r 



BC AB « m 



X BC-B-.ABC+^- V + ^ ^ ^"^ 



— ** 



^J!rL^-. i X BTI^^^AM + W.— When C 
is the vldett of the three ttves, the value will be 

Sinto:^xB g^6-~ A6C + ^~^:+^ 
X r+^--lII^-ix BK-ABK+W 

of the three lives, the value will be = S into -^ 
X V-B-2C+2BC+AC-ABC + 5^^^ + 
- X HB+IiC -HBC -^ X BKl"+ AK - ABK 

When the th ree l ives are qf equal age, the value 

"wiU b« = ~^* X V-3C+3CC-CCC, thatiS 

«hplf 



H^aaMP 
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** half the reversion after the ettinctioti of the 
three lives." 

In the further pursuit of these enquiries I have 
discovered a simple method of arorozimating to 
the values in the preceding Problems; but it 
would be improper to enter more fully into the 
subject at present. I shall only observe here, 
that the sdutions of those cases which involve 
three lives, and even those which involve two 
lives in the survivorship, being fonperly deduced 
from an erroneous hypothesis, it was impossible 
to determine how far any approximations could 
be depended upon. By the assistance of the ' 
foregoing rules which have been derived from the 
real probabilities of life, and which I believe ex- 
haust the subject in regard«-to three lives, this 
point may now be ascertained; though perhaps 
it may not often be adviseable to have recourse 
to approximations, when the exact values can be 
obtained with so little additional trouble. 

The following Tables are inserted, as being 
necessary to the solution of the Problenis in this 
Section^ The demonstrations of the rules by 
which they have been computed may be seen in 
the 79th and 84th volumes of the rhilesopbical 
Transactions. M. . 
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Tables. 



TABLE L 



Shewing the pmbabilkies ef MmvorsMp ' b«rtv»«cfr tiM» 
persona of all ages, wfaoie eommoa diinsreooe k>f a^^ m 
not less than ten veitfs^ compiited from ih< Nprtb^ 
amptoa Table of Obtoratiois. 



■» I » I 



ii<i»i» <»»ii» 



Teo years difference. 



Afftt. 



Il- 
ls— 
13— 



1 .5859i.41'H 
2.513().4864 

3.48231.5177 



4 

15— 6 

16— 6 

17— 7 

18— Si 

20—10 
21— II 
22—12 
23—13 
24—14 
25—15 

26— ie> 

27—17 
28—18 

29—19 
30—20 

31—21 

32—22 
33—23 
34—24 
35—25 
36— 2^ 
37—27 
38—28 

39—59 
40—30 

4lr-3I 

42—32 



Probabilitirt. 



.45981.5402 
.4470;.553O 
.4343 .5657 
.5747 



.4253 
.4191 
.41 6o 
.4153 



.5809 

.5840 

.5847 
.4158.5842 
.4!68'.5832 
.4178.^822 



Twenty- ^earsdiffereoce 



Afes. 



1 
2 



4190 
.4202 



.5810 

.5798 



.4216.5784 
.4226;.5774 
.42321.5768 
.4234'.5766 
.42311.5769 
.4222|.5778 

4209]..i791 
.41 97 l.5vS03 

.4183.5817 
.4170|.5830 
.4156;.5844 

4141 '.5859 
.4126.5874 

41I0;.5890 

.4094;.5906 
.4078'.5922 
.4063.5937 



21— 
22— 
«S— 3 

24-^.4 
2.^— 5 
C6— 6 

2;— ^7 
28— 8 

^9— 9 

30—10 
31—11 
32— K 
33—13 
34-^14 
35—15 
36—16 

37—17 
38—18 

39—19 
40—20 

41—21 

42—22 

43—23 

44—24 



ProtNUIlitteft 

I ■ II I ■ I i — 



.5246 
.4433 
.4088 
.3900 



.4754 
.5566 
.5912 
1.6100 



52—32 
43— 33!.4O4o;.,09jI 53— 33,.3088 



45 — 25 
46—26 

47-27 
48—28 

49—29 
50—30 

51—31 



.3640 
.3548 

.3452 
.3441 
.3440 
.3442 
.3444 
.3447 
.3451 
.3456 
.3458 
.3454 
.3444 
.3429 
.3408 
.3384 
.3359 

.3309 
.3283 
.3256 
.3228 

■3199 
3170 

.3143 

.3116 



.37691.623 1 
.6360 
.6452 
.6516 
.6548 

.6559 
.6560 

.6558 

.6566 

.6553 

.6549 

.6544 
/i*542 



Th i rty years di fiereDce, 



A^ei. 



31— 1 

32— 2 
33*- 8 

34— 4 

35— 5 



36— 61-2985 
.2883 

.2799 

•27 A3 
.2733 
.2724 



.4823.5177 
.3936.6064 

.3a5rj.6443 

^2So:.67i4 
^135;.6865 



37—71 
3S'- 8 

39-^ 9 

40—10 
41—11 
42—12 



.7015 

.7117 
.7^20% 

^247 
.7267 
.727^ 



43*-*l4d7UJ2|6 



44-*i4 
45—15 



46—16.2706 
.2701 



47—17 

.6544^48—18.2690 

M556 49—19 
.6571 50—20 
.6592 51—21 
.6616 52—22 
.6641 53—2." 
.6665 54 — 24 
.6691 55—25 
.6717 56—26 
.6744 .7—27 
.6772 58—28 
.6801 59—29 
.68:^0 60— 3( 
.6857 61— 3i 
.6884 62-^32 



.6912 163—33 



*27U 
,2708 



.7289 

.729* 
.7299 

7310 
.2672,.7328 
.V650I7350 
.2621 
'>589 



JS79 
.7411 

.2556 .7444 

.2522.7478 

.2487 
.2462 
.2416 

.2379 
.2341 
.2302 
.2263 
.2223 
.2181 



.7513 
.7548 
.7584 
.7621 

.7659 
.7698 

.7737 
7777 
.7819 



7<^h- 
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Ten yean difference. 



Ages. 



44—34 
45—35 
4tf-*36 

47-37 
48—38 

49—39 
5(X— 40 

51—41 
52—42 



d«^^^*w<F '•^fJJfU *©» 44r" vi^"^"^w •Vyw^ 



55—45 

5ffr^46' 

67r«47 



5iUfr4ft 41797 



^9—49 



6^^S0 »37S6 



61-^51 
6S— 53 



6S-i^5 



70^60:3385 



7l-r-6l 



7«-r-«2 ^«90 



7J-i-«9 
74^-64 

7X-»ft7 
7lr^S 



Probabilities. 



.40341.5966 
.4019-^981 
.4004 .599^ 
.3988.6012 

.3971 .6029 
.3954 .6046 
.3938 .6062 
.3923 .6077 
.3907 .6093 



.3881.6119 
.3853 .6147 



.3935 .616$ 06— 46 .2646 



.3&I6 



.6203 



^77 



.3730.6270 
.3700^6300 
.36168 .6332 



64^54 .3i34 J6366 



.3336 



it3l45 



79,^9 .9047 .6953 



80rf-^Q 
8ie->71 

83W73 



JS184 67=47 



.6923. 69—49 -2509 -7491 



6S44 



.3597 •6403 
.3558 S4A9, 
.3517^433 
;3474 ^526 



69-rt^l.34a0j6570 79--4y 



^6615 



.6740 



.3^46 .6744 
.3«04 .S796 
.3170.6830 



.3120.6880 
^3090*6910 



Twenty ycandifferencelpbiriy yean difference 



Ages. 



54...-34^060 



56—36 

57—37 
58—38 

59—39 
6a— 40 
61 — il 
62—42 



.3032 
.3003 
.2973 
.29*3 
1*2913 
.2882 

.2849 
.2814 



6 
65 



68—48.^65 



70—50 
71—51 
72—52 
73—53 

74-r-54 

7i^-^b6 

77—51 
78—58 



80— .60 



.6662 31--61 



82-^2 
33—63 
84-44 

35r-65 



,6865 86— 66 



87--67 
88—68 
89—69 
90-^-70 



Probabilities. 



.2733 
.2690 



.2601 



.2461 
.2406 

.2349 
«229] 
J2235 
.2181 
.213i 
.2080 
.2024 

•1959 
.1390 
.1323 

.1757 
.1703 
.1673 
•1655 

.1629 

16)8 

.1644I 

.1623 
.1367 



.300Q .7000 
12053 .704ei9l«r-f J 
.801^9 .708i)9a-r*72 
9300 .7 ^4di$»r^73 41081,3892 



«6-^6'.2925 



84— 74 .2902 .7098 194—74 
85— 75I 2917I.7O83 9b^75 



.707596—761.0512.9488 




7539 
7594 
.7651 
.7709 
^7765 
.7819 

^7^9 
.7920 

'7976 
.8041 
.8U3 

3177 
.8243 

.8327 
.3345 

f8;i7l 
.8362 

.8356 

.3377 
.3433 



.1515.8485 



90—60.0965 



91—61 
92-f^2 
93—63 

94—64 
95—65 

96-^ 



.1450 JB450 

.13051.8695 



.0924 
.0717 



.9076 
.9283 



Probabilities. 



2138L7862. 



.2093 

.2047 
.2001 
.1954 
.1906 

.1859 
.1810 
.1758 
.1705 
.1653 
.1604 
.15(J0 



.1^8 
.1416 
.136] 



.1246 
.1194 
.1160 
.1130 
.1104 
.10801 
.1063 
.102^ 



M6% 
i)754 



.7907 
'795^ 

•7999^ 
.8040 
.8094, 
.8141 
.8190 
.8242 
.8295 
.8347 
.8396 
.i8440 



.3539 

.8639 



.1304.8696 



.8754 
.8806 
.8840 
.8870 
.8896 
.8920 

.8937 
.8975 

.9^S^ 
.9246 



0618.9382 
.0493 .9507 
.0368 .96^32 



.0258 



.9742 



. 
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Tea y«Mi diffsrcnee. 



Ages. 



37—77 
83—78 

«d-79l 



Pr»teUllti«. 



.2942 

.2994 



1.705S 
7006 



.3(«9^97l 



90—803029^978 



^—81 
92—82 
95-83 
94^84 
95—85 
96—86 



M97 .7 103 
.2720.7280 
.2420 .7580 
2040.7951 
.1606.8394 
.1 1 731.8827 



forty ycww difSerence. 



41- 
42- 
43- 
44- 



1 
2 



.4357 
.3398 
31.2985 
.2638 
.2520 



4 
5 



6.2353 



47—7 

48— 8 

49- 9 
JO— 10 

51—11 
52—12 
53—13 



55—15 
56—16 

57—17 
58—18 

59-19 
60—20 
6l— $1 
62—2*2 

63— S3 

64-f4 



Prabttbttiticf. 



.2230 
.2140 
.2086 

.2059 
.2045 
.2035 
.2026 
.2018 
.9011 
.2005 
.1996 
.1981 
195$ 
1931 



5643 
.6602 
.7015 
7312 

.7480 
.7647 

.7770 
.786p 



.7914 
7941 

rsss 

.7966 

.7982 

.7989 
•7995 
.8004 
8O19 
.8041 
.8069 



1896.8104 



'■ ■i - ■ ■ -■■ * 

Fifty yccn diffcrenee, 



■ ■< 

Sixty yean df ffemoe. 



51— 1 

52— 21.2887 



53— 



3 

4 
5 
6 



7 
8 



56-^ 

57— 
58^ 

59-^91 

60—10 

61^11 

62—12 

63-.'13 



64—14.1376 
65^15.1362 



66—16 

67—17 
68—18 

69—19 



ProbiJkilUin. 



3916L6084 



.2446 
.2128 
.1948 
.1768 
.1635 
.1535 
.1474 
.1442 
.1422 
.1406 
.1390 



1350 



.1314 
.1286 



70—20.1253 



1— <21 



.1855 
4812 

,17^ -8239 



.8145 
.8188 



.1211 



4075 



A^ci. 



.7113 
.7554 
.7872 
8052 
.8232 
.8365 
.8465 
.8526 
.8558 
.8578 
.8594 
.8610 



61— 1 

<i'2— i 



64— 4 
6S^ 5 
66'^ 6, 

67-7 .-,_ _ 
68— 8.0982.9018 



.8638 



1335 J665 



.8686 
.8714 
.8747 
.8789 



ProbAbUittei. 



.3494.6506 
.2413.7587 



63— 3.1932.8048 



.1619.8381 
.1428.8578 
.12J7;.8768 
.1092.8908 



69-- 9 



70—14) 
71—11 
72—12 
73—13 



.8624 74^14 



75—15 



.0873 
.0846 
.0325 
.0805 
.0788 
.0775 



.8650 76<p-l6X)768 



77''l7 
78—18 

7&-19 
80—20 

81-.41 



2— t8|.l 165 .8835 188—22 
1120.8880 



.8925 



84-*24 



0912 



.9O88 

.9127 
9154 
^9175 
.9195 
.9218 
9225 
4)238 



,0759.9^1* 



.0743 



.0690 
.0655 



.0556 



4»57 



.0719^31 



93J0 
.9345 



.0616 .9384 
X>581 .9419 



OAJJk 



Forty 
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Forty je%n diffemoe. 



Age^ 



65—25 
66—26 
67—27 
68—28 

69—29 
70—30 
71—31 
72—32 
73—33 
74—34 
75--35 
76— «6 
77-37 
78—38 

79—39 
80—40 



81—41 

82—42 



85—45 
86-*46 

87—47 
8S— 48 

89—49 
90—50 
91—51 
92—52 
93—53 



95—55 
96—56' 



ProbftbUitl«8. 



•1722 

.1676 

.1629 
.1581 

.1532 
1483 
•1434 
.1384 
.1335 

.1287 
.1242 

.11991 

.1156 

.1112 

.1064 

.1021 

.0968 

.Q9IP 
.0876 
.•846 
.0818 
.07915 
.0774 
0759 
.0732 
.0690 
.0617 
•0533 
.0432 
•0342 
.0251 

.0173 



•8278 
.8324 

.8371 
.8419 
.8468 

.8517 
.8566 
.8616 
.8665 
.8713 
.8758 
8801 
.8844 
.8888 
.8936 

.8979 
.9032 
.9O8I 
.9124 
.9154 
9182 
.9205 
.9226 
.9241 
.9268 
.9310 
.9383 
.9467 
.9568 
.9658 
.9749 
.9^27 



75—25 
76—26 

78—28 

79—29 
80-^0 

81—31 
82—3^ 
83—33 



Fifty yMuidiflerenor. 



mm 



Ages. 



ProbaMlltici. 



85-^5 
86—36 

87—37 
88.-^8 



89—39 .0548 



90^-40 

91 — « 
92—42 
93—43 
94—44 



95—45 
96—46 






•1032|.8968 
.0991 



.0950 

.0907 
.0861 
•0815 
.0770 

.0727 
.p688 
.0660 
.0635 
•0612 

JO591 
.05741 



.0511 
.0455 
.0392 
.0315 
X)247 
.0180 
.0123 



.9009 
9050 

9093 

.9139 

9185 

.9330 
9273 
9312 
.9340 
•9365 
.9388 

.9409 
.9426 

9452 

.9489 
.9545 
.9668 
.9685 
.9753 
.9820 
•9877 



Sixty ycvt dUTeraice. 



Agtt. .PxotebUitick 



85— 25|.0532l 
86— S6|.0511 
87—27^0490 
88— 28|/>473 
89— 29'.0448 



90—30 
91—31 
92-«2 
03—33 
94—34 
95—35 
96—36 



.0413 



.03101 
•0248 
.0194 
.0140 



•946» 

.948^ 
•9510 

.9527 
.9552 

.9587 



.0363 .9637 



.9690 

.9806 

.9860 



OO95U90S 



410 



TaUtt* 



rnlUbHMM. 



VfWkHbtlllMk 



NI«0ljF ymml^S^Sl 



PM^billtics. 



71-^ 1 *3049L6^1 
7d~ 3}.14S7^13 



4.1159.8941 
5.0900.9090 
0.0798.9^02 
7.0660.9840 

8 .0553 .9447 
79— 9-0484.9^1< 

80-^10 .0441 jgsM 



77— 



81««1I 
8«— 12 
83—18 



85—15 
86—16 

87—1? 
88—18 
89—19 
90—20 
91—21 
92-22 
95—281 



95—25 



/)4I8 

^897 
.0380 
.0372 
.0366 
.0370 
.0378 
.0376 
.0367 
.0346 
.0309 
.026fl 
.021,0 
.0164 
.0118 



96— 26|.0OaD 



81— 1 .949517505 

82— 2 .1487 .8563 
88— 3.1084 J9fi6 
84~4.0r€3«8a7 
85*^ 51)684,9966 
8&*- fl.0492,9508 
87-** 7.0385.9515 

9MS0.97M} 



•9582 
.96O8 
.9620 
.9628 
.9632 
.9630 

.9627 
.9625 
.9633 
.9655 

.9691 
97S7 

.9790 
.9836 
.9882 

^9^0 



91— 1 



.18981.8107 



95-1- 5 
96—6 



90— |0|.09l6.978A 
9i~ll.OI86.98i4 
92-^12 J9157 -9848 
98-^18.0125.9875 

9^^14^1097.9908 
95*^5 jlM704»8O 

9$^|6j0049.99dl 



9.0918 
99--- 8 .0558 
94~ 4 J0812I 

.0115 



.9089 
•9446 

9fiE» 
.9788 

9885 



Tahlei. i. 

TABLE ir. 
Shewing the probability of one's life dying after another.* 



■ In thl( and Ihe pTcccdin* Tablr Ihe «r(aintji uf bnrh livn hccamiiie rilinct i* 
denoted by unii}^, tliu nuiiihcr being b»( suiicd lo itae tolulioni in (he farpgoiBg 
problenii. It maj not lie imprupei to iHid, Ifaal bnth t>iblc«, Uiough dfdutrd Troia 
Ine decrcntrTilt uf life nt Nnrihamplun, may be tnfely uttd, erea iThcD Ibe lalgra 
of the lifs annuilin nre drriied frnm a differfol lourcr, ai the probnbilitica Ibej 
tiftea are very neftrly Ihe Mise, ttoia whaleicr Uble o{ obKriaiiuui they we 
fniBpuled. 



TaUa. 



TtiUa. 



